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Message from the Chairman, 
Biomedical Engineering 
Technical Committee 

The Biomedical Engineering Technical Committee 
(BETC) started the year with the inaugural BETC 
Symposium 20 1 3-Engineering in Medical Devices. 
The theme for this year's symposium was 'Engineer 
Your MindTowards Excellence'. The symposium was 
attended by more than 1 00 participants made up 
of IES members, non-IES members, government, 
industry, tertiary institutions, students and members of the public. 

Other than keeping biomedical and bioengineering engineers abreast of new and 
emerging innovations through conferences, talks, meetings, and site visits, the BETC 
also focuses its efforts on enhancing the professional standing of biomedical engineers. 
The BETC is in the process of setting up a programme to certify biomedical engineers 
in Singapore in recognition of their professional competence and qualifications. 

In Biomedical Engineering or Bioengineering, the common specialised areas 
are: Bioinstrumentation, Biomechanics, Biomaterials, Systems Physiology, Clinical 
Engineering, and Rehabilitation Engineering with demand growing in up-and-coming 
areas such as Diagnostics, Dental Implants and Orthopaedic Implants. 

In Biomedical Engineering, significant groups of manpower are engaged in research as 
it is the only means to yield new and better treatments for diseases or to improve the 
quality of lives. Usually the first to make a discovery and the last to use the discovery 
to discover a solution to a problem receive more recognition than those that come 
in-between with findings. To date, major advances in Biomedical Engineering are 
Artificial Joints, Magnetic Resonance Imaging (MRI) and Heart Pacemakers. In 1952, 
Edward Mills Purcell was awarded the Nobel Prize for Physics for his independent 
discovery of Nuclear Magnetic Resonance (NMR) in liquids and in solids. In 2003, 
Sir Peter Mansfield of the University of Nottingham (UK) furthered the work of 
NMR and was awarded the Nobel Prize for Medicine for his work in the application 
of Magnetic Resonance Imaging (MRI). In recent times, the world experienced the 
outbreak of SARS. Researchers in Guangdong province in China, who discovered the 
origin of the problem, and researchers at Harvard University, who finally made the 
breakthrough in identifying the virus, received acknowledgement, but other research 
centres and researchers who attempted to identify and solve the problem remained 
unknown. 

As more societies become more informed, affluent and populations age, the desire 
to maintain active lifestyles leads to a growing demand for better medical devices to 
replace damaged body parts so as to extend or improve the quality of lives. More 
research is also needed to create or redesign medical devices that cater to the Asian 
population. I envisage such medical devices will be the next big thing. 




Dr HoTeckTuak 

Chairman, Biomedical Engineering Technical Committee 
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WES 2013- 
Engineering Innovative 
and Sustainable 
Solutions to Climate 
Change 

Organised by The Institution of Engineers, Singapore (IES), the 
inaugural World Engineers Summit (WES) will take place in 
Singapore from 9 to 1 5 September 20 1 3 at Sands Expo and 
Convention Center Marina Bay Sands. To be held in conjunction 
with the World Federation of Engineering Organizations 
(WFEO) General Assembly and committee meetings, WES 
20 1 3 is expected to bring together national engineering 
organisations from over 90 nations, making it one of the largest 
global engineering conferences in Singapore. 

Themed 'Innovative and Sustainable Solutions to Climate 
Change'.WES 20 1 3 focuses on enabling engineers from multiple 
disciplines, such as financiers, property developers, urban 
planning specialists, legal advisors, energy specialists, researchers 
and institutions to congregate and exchange ideas on innovative 
and eco-friendly solutions and best practices addressing climate 
change issues threatening the earth. 

Joint WES/BEX/IGBC 2013 Opening 
Ceremony, 11 September 2013 

Singapore's Deputy Prime Minister and Chairman of the Inter- 
Ministerial Committee on Climate Change, Mr Teo Chee 
Hean, will be gracing the WES/BEX/IGBC 20 1 3 joint opening 
ceremony as the Guest-of-Honour He will launch the Summit 
with an opening address that will outline Singapore's directions 
and strategies in addressing climate change issues. 

Following the opening, world-renowned speakers from 
Asia to Europe to Latin America, representing governments, 
corporations to NGOs, will be delivering keynote addresses. 
This Summit keynote session is chaired by Prof Tommy Koh, 
Singapore's Am bassador-at- Large. 

Sustainability Leadership Forum, 11 
September 2013 

A key highlight of WES 20 1 3 is Sustainability Leadership 
Forum, scheduled to take place on I I September 20 1 3, after 
the opening ceremony, where international government and 




Q&A with 

Er. Tan Seng Chuan, 
Chairman of WES 2013 
Steering Committee 

How was the idea to 
organise WES mooted? 

The IES Council has always 
wanted to own an international 
conference to create 
opportunities for IES members 
to interact with fellow engineers 
and global counterparts to 
exchange knowledge and 
ideas on issues most pertinent Er Jan Seng Chuan 
to our society, our economy and our lives. When I was 
elected to be the Vice President of the World Federation 
of Engineering Organizations (WFEO), it seemed like the 
opportune time to stage such a conference alongside the 
WFEO General Assembly in Singapore. 

Why was Innovative and Sustainable Solutions 
to Climate Change' selected as the theme of this 
inaugural event? 

As one ofthe most pressing challenges affecting international 
communities, climate change is a fitting topic to establish 
the global stature ofthe inaugural World Engineers Summit. 
Under this theme, engineers from multiple disciplines, 
scientists, researchers, policy makers and other stakeholders 
around the world will gather under one roof for intensive 
sessions of discussions on viable solutions to mitigate the 
effects of climate change. 

In addition, as climate change is a prevailing matter that will 
remain relevant for the next few generations, it makes an 
excellent topic for engaging future engineers, so that they 
are more aware of the issues and better placed to battle its 
increasingly severe implications. We also hope that in this 
way, we can attract young bright minds and those in other 
professions to become engineers and join the pursuit of 
innovative solutions to combat problems posed by climate 
change. 

Why is Singapore a good venue to discuss 
climate change issues? 

Singapore is a country that takes climate change seriously. 
The government set up the National Climate Change 
Secretariat (NCCS) in July 20 1 to develop and implement 
Singapore's domestic and international policies and 
strategies to tackle climate change. There have also been 
many green or eco-projects undertaken in Singapore, 
for example, Semakau Landfill, Marina Barrage, Punggol 
Waterway the one-north development etc. These projects 
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would serve as good showcases for engineers from other 
countries to better understand the various engineering 
techniques that Singapore has adopted to adapt to the 
effects of climate change. As such, we have organised 
technical site visits to these projects for delegates during 
the conference. 

What does IES aim to achieve through the summit? 

Through WES 2013, IES aims to promote networking 
beyond geographical boundaries amongst the international 
community of engineers and to encourage these engineers 
to collaboratively use their expertise to stand against 
climate change. IES also aims to use the enthralling topic 
of climate change to instil interest amongst students and 
encourage them to take up engineering as a careen so as 
to reverse the trend of decreasing numbers of talented 
students taking up engineering in recent years. 

What are the main highlights of WES 2013? 

MrTeo Chee Hean, Deputy Prime Minister Coordinating 
Minister for National Security, Minister for Home Affairs 
and Honorary Fellow of IES will be gracing the Opening 
Ceremony as the Guest-of-Honour As the Chairman of the 
Inter-Ministerial Committee on Climate Change (IMCCC), 
he will be providing directions on the steps that Singapore 
will take in reducing its carbon footprint. 

The Sustainability Leadership Forum in the afternoon of 
I I September is one of the main highlights within WES 
20 1 3. The forum will be moderated by Prof Tommy Koh, 
Ambassador- at- Large at the Ministry of Foreign Affairs, 
Singapore, and will feature Dr Vivian Balakrishnan, Minister 
for the Environment and Water Resources, Singapore; 
Mr Francois Guibert, Executive Vice President & President, 
Greater China & South Asia Region, ST Microelectronics; 
and Dr Selda Gunsel, Vice President, Global Commercial 
Technology, Projects & Technology, Shell, as the panel 
speakers. 

Another highlight is the plenary session on I I September 
featuring Dr Noeleen Heyzer Under-Secretary-General 
of the United Nations and Executive Secretary of the 
Economic and Social Commission for Asia and the Pacific; 
Mr Bindu N Lohani,Vice President, Knowledge Management 
and Sustainable Development, Asian Development Bank; 
Dr Roland Busch, CEO Asia Pacific & Infrastructure & 
Cities Sector Siemens AG; Dr Suzana Kahn-Ribeiro, Rio de 
Janeiro Environment State Secretary, Brazil; and MsYolanda 
Kakabadse, President, World Wildlife Fund. 

Another exciting highlight is the WES 20 1 3 Award 
Presentations cum Gala Dinner graced by Dr Vivian 
Balakrishnan, where the IES Prestigious Engineering 
Achievement Awards will be presented. Delegates can 
look forward to seeing inspiring winning entries boasting 
creative solutions integrating various sustainable elements 
targeted at solving climate change problems. 



Can you name some of the most significant 
climate change issues that will be discussed at 
length at WES 2013? 

While every topic is equally important, climate change 
issues pertaining to food and water security, sustainable 
energy and environmental policies will be given more 
attention. 

Why should delegates attend the other events 
running alongside the main conference? 

The WES 20 1 3 summit itself features macro, industry- 
wide issues that will enable delegates to acquire broad 
perspectives on climate change topics whereas the 
complementary events are designed to cater to a delegate's 
specific interests. For instance, the IGBC 20 1 3 is dedicated 
to enhancing delegates' ability to put into action real- 
world, tangible green building solutions. BEX Asia, on the 
other hand, is a business platform for the sustainable built 
environment and focuses on enhancing delegates' insights 
and competitive edge into the world of build green. 

Is there something for those in the built 
environment industry, as well as the layman or 
student at WES? 

WES 20 1 3 is definitely not just for engineers, but it caters 
to scientists, researchers as well as other stakeholders in the 
eco-industry. These professionals can expect to meet 
potential parties for collaboration and expand their 
business opportunities at the event. 

For the layman and students, we have organised a 
photography competition, jointly with The Photographic 
Society of Singapore, to raise awareness of environmental 
challenges and inspire action to overcome them. Specifically 
for students, we have also organised a competition to 
encourage engineering students to develop ideas and 
solutions addressing problems arising from climate change 
with a special focus on energy, water and waste; as well as 
an exciting line-up of events on Young Engineers Day and 
National Engineers Day. 

What roles do you think engineers play in the 
fight against climate change? 

I believe engineers are vital to tackle climate change and its 
impacts in many ways. In fact, engineers are looked upon 
as the professionals uniquely equipped with the required 
technical skills and training to innovate and develop 
solutions in buildings, infrastructure, energy, water and so 
on to mitigate the effect of climate change. In addition, 
engineers also have the important role of raising public 
awareness of climate change and highlighting the urgency in 
resolving it. Through WES 20 1 3, IES hopes to play our part 
in spurring collaboration amongst engineers from multiple 
disciplines across the world and inspiring interest amongst 
students and the public, so that collectively, we will make 
strides in overcoming this massive problem and help the 
world move towards a better future. 
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perception of engineering among students, better equip them 
to make informed choices on their course of study, and inspire 
them to take up engineering as a career but also motivate 
students to be proactive in playing a part to fight climate change. 

Hosted by the lES-Young Engineers Committee (YEC), the 
TUWAE competition encourages engineering students to 
develop ideas and solutions addressing problems arising from 
climate change with a special focus on energy, water and waste. 
Open to students from secondary schools, junior colleges, 
polytechnics, Institutes of Technical Education and universities, 
the competition will judge submissions based on their novelty, 
technical feasibility, relevance, cost-effectiveness and quality. 
Shortlisted candidates will receive funds to build prototypes and 
face-off in the finals for up to S$ 8,000 in cash prizes. 

At the Young Engineers Day, participating students will have the 
opportunity to visit the technical sites at FusionWorld, Institute 
for Infocomm Research (PR) and Institute of High Performance 
Computing (IHPC). These guided tours will introduce students 
to cutting-edge technology and illustrate the impact engineers 
and innovation has on industries and human lives. 

National Engineers Day 

Initiated by IES in 2010, the NED bears the key objectives of 
promoting the engineering profession and enthusing students 
to pursue engineering as a career This year NED will be 
collaborating with the World Engineers Summit (WES), which 
aims to spur the search for and development of innovative 
solutions to address the impact of climate change. Through the 
event, IES hopes to give bright young minds an early head start 
in developing possible solutions to combat climate change, and 
inspire them to embark on engineering as a career so as to 
make a difference to the lives of people around the world. 

The NED-WES Student Outreach Taskforce has formulated a 
special programme with a series of enriching activities to intrigue 
students in engineering. 

Experts in various engineering fields will share their experience 
at the Student Forum and encourage students to consider 
taking up an engineering education and career These experts 
are either renowned keynote speakers who are presenting at 
the Summit or locally-based practitioners who have worked on 
or have experience with innovative engineering projects. Each 
session will feature a different speaker and students will be given 
opportunities to ask questions, and interact with these speakers. 

Students can get a better sense of what an engineering 
career entails and the prospects for local engineers, as well 
as find out the university programmes that they can enrol in 
upon graduation, at the NED Student Outreach Exhibition, 
showcasing the ingenuity of engineers and attesting to the 
exciting prospects of an engineering career 

Students will be brought on a guided tour to the World 
Engineering Expo 2.0 1 3/Build Eco Xpo (BEX) Asia 2013 for 
a glimpse of real-world engineering solutions that have been 
created to mitigate the impact of climate change. Exhibitors will 
guide them through selected industrial / commercial exhibits on 
green technology. 



industry thought leaders will discuss strategies to mitigate and 
adapt to climate change. To be moderated by ProfTommy Koh, 
the forum's speaker line-up includes Dr Vivian Balakrishnan, 
Singapore's Minister for the Environment and Water Resources; 
Mr Francois Guibert, Executive Vice President & President, 
Greater China & South Asia Region, STMicroelectronics; and 
Dr Selda Gunsel.Vice President, Global Commercial Technology, 
Projects & Technology, Shell. 

Technical Site Visits 

To encourage the exchange of best practices, the Summit 
will showcase several sustainable projects in Singapore at 
technical site visits. On one of the routes, delegates will have 
the opportunity to visit the international award-winning 
Punggol Waterway, recognised for its innovation in supporting 
Singapore's efforts in becoming more self-sustainable in water 
resources and the green practices in the development stage, as 
well as the implementation of green solutions. 

WES Biennial Photography Competition 

Focusing on the WES 20 1 3 theme of Innovative and Sustainable 
Solutions to Climate Change', WES has jointly organised 
the WES Biennial Photography Competition 20 1 3 with The 
Photographic Society of Singapore (PSS), under the patronage 
of International Federation of Photographic Art (FIAP). Aimed 
at raising awareness of environmental challenges and inspiring 
action to overcome them, the competition is looking for 
photo submissions with the ability to translate the theme of 
'Environmental Sustainability -The Challenges into visuals'. 

The competition is open to all photo enthusiasts (including 
professionals and amateurs) around the world, with a youth 
category catered to students I 6 to 2 1 years old. Photographers 
who best capture the essence of environmental sustainability 
challenges and the ways or efforts to overcome them will win 
cash prizes of up to US$ 2,500. 

Gala Dinner & Awards Night 

The conference will conclude with a Gala Dinner This year the 
highlight of the Gala Dinner will be the award presentations. 
Several international awards will be given out, including the 
WFEO Medal of Engineering Excellence for Distinguished 
Achievement Service of Humanity, WFEO Medal of Excellence 
in Engineering Education, Hassib J Sabbagh Engineering 
Construction Excellence Award for Green Construction, as well 
as the IES Prestigious Engineering Achievement Awards and the 
IES Lifetime Engineering Achievement Award. 

Fringe Events at WES 2013 

Young Engineers Day 

Organised by The Institution of Engineers, Singapore (IES), the 
Young Engineers Day will be held on 1 2 September as part of 
the World Engineers Summit (WES) 20 1 3. Sponsored by JTC 
Corporation and the Energy Market Authority (EMA) and held 
at one-north, the Young Engineers Day will feature the Trust 
Us, We Are Engineers' (TUWAE) competition and site visits 
designed to stimulate students' interests in engineering. 

Through this event, IES hopes to not only create a positive 
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Q&A with Er. Dr Chew Soon Hoe, Chairman of 
WES 2013 Organising Committee — ^ 





Er. Dr Chew Soon Hoe 



What is the biggest 
challenge in putting a 
summit of this scale 
together? 

The biggest challenge has been 
convincing people from various 
vocations and countries, of 
the need to congregate and 
exchange ideas on solutions to 
address climate change problems. 
For instance, we had to get 
policy makers to understand the 
science behind climate change, and at the same time, we have to 
convince the scientists and engineers that progress can only be 
made when proper policies are in place to tackle climate change. 

Given that this is an inaugural event, has it been 
difficult to secure prominent international speakers? 

It hasn't been difficult as IES is well-connected internationally 
and maintains close links with professional organisations of 
engineers and scientists around the world. We were also 
extremely fortunate to have members like ErTan Seng Chuan, 
who is both Chair of the WES 20 1 3 Steering Committee as well 
as the Vice-President of the World Federation of Engineering 
Organizations (WFEO). He provided us with a wide network of 
valuable contacts to tap on. 

The challenge was more in working around the busy schedules 
of these invited speakers, as most of them are prominent and 
influential people. 

What has the response to the event been so far? 
Are you on track to getting the target number of 
speakers and delegates? 

I am happy to report that there has been very good response 
from speakers, most of whom have accepted our invitation 
to share at WES. We have also received numerous excellent 
submissions of papers from all over the world for presentation 
at WES 20 1 3. 1 believe that the positive response is due to the 
fact that climate change is a pertinent global concern right now, 
and that WES 20 1 3 offers a rare opportunity for professionals 
of different disciplines and industries to gather discuss and learn 
from each other to create solutions to address climate change 
issues. The networking opportunities could lead to exciting 
collaborations across different fields and different countries. 

The participation rate from international delegates has been 
pretty good too, although we would love to see even more 
local participants signing up. I would like to encourage regional 
and local companies to seize this opportunity and give your 
engineers the chance to be a part of this eventful Summit so as 
to learn from some of the best experts in climate change. 

There are quite a few parallel events like the Build Eco Xpo 
Asia (BEX Asia) 20 1 3 and the International Green Building 



Conference (IGBC) happening at WES 20 1 3. What should 
delegates expect to gain from each of these parallel events? 

At the IGBC, delegates will not only get to keep abreast of the 
latest real-world, tangible green building solutions, they will also 
get to hear about green building policies and plans from policy- 
makers and government officials, as well as recent research 
findings in the field. 

The BEX Asia 20 1 3, on the other hand, provides a one-stop 
sourcing solution for the latest technologies in building design 
and architecture, and business opportunities for professionals in 
the building industry. 

What advice would you give to delegates on how to 
maximise their time at WES 2013? 

This is an opportune time for local and international delegates 
to interact, and WES 20 1 3 offers a conducive place to exchange 
ideas and be taught by many prominent speakers who are 
experts, within a short span of time. 

On the first day, delegates will be able to raise questions, and 
acquaint with top scientists and policy-makers after hearing from 
them on the latest in climate change and sustainability issues, 
with topics ranging from technology to policies. There will be 
ample time for interaction and networking with these world-class 
experts during the Q&A, tea break, lunch and dinner sessions. 

On the second and third days, there will be three simultaneous 
sessions and delegates can choose to attend any four of the 
twelve topics related to climate change issues that they find 
most relevant or interesting. 

Why should local engineers attend the summit? 

Local engineers should realise that whatever output they create 
in the course of their job has an impact on the environment, 
whether positive or negative. We welcome them to join us, 
discover and share their experiences with other local and 
international experts. They may be surprised at how much they 
can learn or contribute to fighting climate change. 

On top of that, the Summit will offer plenty of business 
opportunities for local engineers, especially with foreign 
organisations keen to emulate our successful projects. 

What are the three main things that you hope every 
delegate will take away from WES 2013? 

I hope that every delegate will feel as strongly as we do about 
the need to seek solutions to fight climate change, after the 
Summit. In particular we should note the following: 

• Climate change is unavoidable. The impact of climate change 
will eventually affect every country and individual. 

• It takes the effort of every individual to save planet earth, and 
ensure our next generation will continue to grow up in an 
environment that they can enjoy, as we did. 

• We are all part of the solution. Everyone can contribute 
positively and make a difference. 
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Nothing is more critical to 
your business than keeping 
the power on. 




Protect your uptime with tried-and-true secure 
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Improving productivity and sustainability 
through product innovation v 





Holcim Singapore is supplying self-compacting and self-levelling concrete for the IES 
Building project. Mr Lawrence Tang, the company's Head of Sales & Marketing (RMX), 
highlights the benefits of the concrete and its relevance in a changing construction 
environment in Singapore, while Dr Arvind Suryavanshi, Director of the Holcim Centre 
of Excellence touches on the direction the company is taking, to meet customer and 
stakeholder requirements, in this communication to The Singapore Engineer. 



The Singapore Engineer': What are the benefits 
of using self-compacting concrete and how is the 
process of using it more sustainable than using 
ordinary concrete? 

Mr Lawrence Tang: Productivity in the construction industry has 
been a matter of focus since 20 1 0, due to substantial reductions 
in Man-Year Entitlements (MYE) and also increases in foreign 
worker levies. By 20 1 3, the construction sector is expected to 
face a 45% cumulative reduction in MYE, while projects are 
expected to be delivered as scheduled without delay Such 
measures have created a significant change in the industry 
especially given its labour-intensive nature. However the real 
effects will be felt when the industry players have implemented 
new technologies and processes to respond to the challenge of 
the new market situation. 

The first self-compacting concrete in Singapore was developed 
by Holcim, based on substantial feedback it collected from 
clients, especially to address the labour shortage issue. The 
concrete took the commercial name 'Easecrete' as it eases the 
concrete placement process. It was subsequently adopted for 
two pilot projects under the Productivity Improvement Project 
(PIP) introduced by the Building and Construction Authority 
(BCA), namely Alba Condominum and Lush at Holland Hill. 

In the two pilot projects, Easecrete proved its capability 
in improving productivity Easecrete possesses both self- 
compacting and self-levelling characteristics, and therefore 
reduces the amount of time taken to cast and level the concrete 
substantially, compared to the conventional concrete. Easier 
concrete placement together with elimination of vibration 
reduces the amount of labour used at site to place concrete, 
from five to seven personnel to two to three. The use of 
Easecrete translated into a 29% savings in labour cost as well as 
an overall productivity improvement of 46%. 

Besides reducing dependency on a large labour force at site, the 
high workability and flexibility for customisation also bring other 
benefits. Easecrete was used for the construction of JCube after 
it was specially recommended by the construction staff at site, 
after looking at its suitability for the project. 

In the JCube project, which adopted a semi-top-down 
construction method, Easecrete was utilised to cast the columns 



Mr Lawrence Tang Dr Arvind Suryavanshi 

for elements with limited accessibility, where its self-compacting 
property effectively mitigates honeycombing. 

For residential projects, such as the Alba Condominium, with 
the project site located in the vicinity of a densely populated 
residential area and schools, the use of Easecrete was the right 
solution. Since it does not require vibration, the noise pollution 
was minimised by 20%, and therefore the construction works 
could be extended beyond the normal working hours, to 
include late evenings and weekends. 

The Singapore Engineer': Under what conditions 
is the self-compacting concrete applied? Are there 
any specific challenges in using the concrete at the 
site? Are there any special environmental or ground 
conditions that would be factors in how it is used? 

Mr Lawrence Tang: Self-compacting concrete can be used for 
casting a wide range of elements such as slabs, columns and 
high-strength backfill, and it is ideal for casting elements which 
are heavily reinforced with steel rebars and also those elements 
which have irregular shapes. 

The application of Easecrete in the construction of the 
Supertrees in Gardens by the Bay provides a good illustration 
of the advantages of Easecrete. Its high fluidity made it an ideal 
solution for the casting of the spiral staircases located within the 
Supertrees. However to realise its full potential, extra attention 
must be given to the quality of form work The form work has to 
be leak-proof to prevent the possibility of grout loss through the 
joints of the form work which may affect the finish and quality 
of the concrete. 
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Further; Easecrete is an ideal solution for those structures 
oriented in a horizontal plane. Extra care needs to be exercised 
to avoid dropping of the concrete from greater heights, to 
prevent the possibility of segregation. 

The Singapore Engineer': What are some of Holcim 
Singapore's current strategies and initiatives? 

Dr Arvind Suryavanshi: Holcim Singapore strongly believes 
in continuous development of innovative concrete solutions 
to meet the needs of the construction industry. The team at 
Holcim works relentlessly to meet the clients' requirements 
and aligns its focus with the local government's calls for both 
sustainable construction and productivity improvement. By 
placing its emphasis on these, many solutions like Easecrete, 
Jet-setcrete and a wide range of Holcim Green concretes 



(ie concrete made with alternative materials, which facilitates the 
building's Green Mark certification) have been developed and 
offered as innovative solutions to the local construction industry. 

As part of a global player Holcim is committed to sustainable 
construction, within its business strategy laid on top of the 
fundamental principles of Sustainable Development. We believe 
business can be sustained by creating value for all its stakeholders. 
For many years, Holcim has been honing its innovative edge 
to add value to its business and ensure continued success. To 
strengthen its endeavours in the direction of innovation, Holcim 
opened the Centre of Excellence (CoE) in Singapore in the 
middle of 20l2.The CoE is expected to perform as aTechnical 
Hub for all the Holcim Group companies in the region with an 
objective of pushing innovative solutions in the region. 
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313@somerset 

The development has been re-certified Green Mark Platinum, for its sustainable design 
and operations. 





3 1 3@somerset Image by Lend Lease. 

In 2007, Lend Lease's downtown shopping mall icon, 
3 1 3@somerset, received the prestigious BCA Green Mark 
Platinum award based on the New Non-Residential Building 
(NRB) criteria. This recognised best-in class design concepts, 
implementation of a green lease scheme and extensive use 
of various innovative green technologies. In 20 1 3, the project 
team was working towards renewing the development's BCA 
Green Mark Platinum rating though re-certification under the 
stricter Existing NRB 3.0 criteria. The benchmarks were higher 
than before, there were more mandatory requirements, and the 
building had to show green operations on top of the original 
green design. 

In preparation for this, Lend Lease appointed Singapore's longest 
standing ESCO, Kaer as its partner to implement a holistic 
programme to optimise and maintain the building's operating 
performance. The objectives of this programme were: 

• To upgrade the Building Monitoring and Controls System to 
a platform that could empower the operations team to make 
informed decisions to save energy (GM 3.0 M&V compliant). 

• To perform chiller plant diagnostics and optimisation to 
improve the water-side system efficiency. 

• To carry out ongoing service and maintenance to the air-side 
system with clearly defined efficiency targets. 



To achieve these objectives, Kaer brought together its three core 
departments (Building Monitoring & Controls, Engineering, and 
Service & Maintenance) to develop a unique service offering 
known as Performance Based Service and Maintenance (PBSM). 





"I 

v y 

Kaer's Performance Based Service & Maintenance programme. 

The development of this programme resulted from a solid 
partnership between the building manager and service provider 
to ensure all parties were incentivised to put energy efficiency as 
a top priority Benchmarks were defined for system efficiency as 
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well as load reductions and 'penalties' and 'performance bonuses' 
were written into the service agreement to ensure complete 
clarity and accountability. 

Step 1 - monitoring building performance in 
real-time 

K-RealTime is Kaer's in-house building monitoring and control 
system designed specifically to measure and track energy 
efficiency It consists of highly accurate sensors and meters and 
runs the data through a cloud-based platform which hosts the 
data on secure Kaer servers. 

This tool is Green Mark 3.0 M&V compliant and allows engineers 
to view the building's performance data on an interactive user 
interface that can be accessed at any time on a computer or 
iPad. 

K-RealTime was chosen due to its ability to empower the on- 
site operations team to do the following: 

• Measure and verify the current system efficiency (at any 
specific time as well as time period averages). 

• Implement ongoing control-based energy efficiency protocols 
(such as controlling variable speed drives). 

• Provide diagnostic alerts for the service and maintenance 
team. 

• Provide data and reports for BCA Green Mark submissions. 




Sample of a K-RealTime interactive display. 



Step 2 - chiller plant system optimisation 

The Kaer P3 programme, standing for 'performance, 
performance, performance', incorporates the seamless 
integration of the performance of the chilled water plant system, 
the air-conditioning airside system and the operators in charge. 

P3 measures and verifies the operating system efficiencies of the 
main chilled water plant system, and benchmarks them against 
the stipulated system efficiency or energy efficiency targets. It 
then identifies areas for optimisation to achieve energy savings, 
streamlined operations and improved comfort conditions. 



The programme consists of three key stages: 

• Unfreeze: Kaer worked with Lend Lease to understand the 
design intent and operational objectives. 

• Transform: Kaer implemented optimisation protocols with 
feedback from the operations team to identify best practice 
for the particular site and specific equipment. 

• Refreeze: Kaer set the optimised operation protocols 
as standard operating procedures by updating the SOP 
documentation and automating key processes. 

Step 3 - ongoing performance based service 
& maintenance 

The standard maintenance approach focuses on individual items 
within the plant and on the ACMV equipment. It is scheduled 
to keep the system in operation and minimise potential 
complaints and, because of this, usually wastes energy through 
additional cooling capacity to overcome problems. Simply put, 
the parameters used for benchmarking success are the number 
of complaints and 'is it cold enough?' 

The PBSM approach is to set a service & maintenance guide 
with strict performance and energy efficiency targets. This 
allows Kaer and Lend Lease to: 

• Make informed decisions about every piece of equipment in 
the building. 

• Evaluate the entire system instead of each AHU or FCU in 
isolation. 

• Implement tailored maintenance programmes. 

• Ensure each piece of equipment performs at its peak ability. 

• Ensure the system as a whole provides the correct conditions 
for a complaint-free building. 

Summary 

As an early adopter of environmental, social and economic 
sustainability principles, Lend Lease continuously develops 
programmes to ensure its properties achieve the highest green 
certification standards. It started with the innovative 'green 
lease' initiative and has been taken one step further through 
collaboration with Kaer to develop an industry-first PBSM 
contract. 

The key achievements due to the implementation of the PBSM 
programme at 3 I 3@somerset include: 

• Installation of a permanent BCA Green Mark 3.0 compliant 
monitoring system to track building performance. 

• Management of building operations by a team of energy 
efficiency professionals. 

• Obtainment of the BCA Green Mark Platinum rating and 
building efficiency standard. 

• Obtainment of continuous energy efficiency improvements 
and energy savings. 

• Obtainment of significant operational cost savings. 
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Inspiring Schiphol 




by Suzanne Sweerman, Executive Director - South East Asia, Netherlands Foreign 
Investment Agency 

Innovation is the route for a successful future for Amsterdam Schiphol Airport. 



Amsterdam Airport Schiphol 
regularly wins important 
prizes, such as 'Best Airport in 
Europe', and even 'Best Airport 
in the World'. In 2012, 95% of 
Schiphol's passengers rated the 
airport as good or excellent. 
And Schiphol continues to 
improve its facilities and 
passenger processes. 

With its one-terminal concept 
known as AirportCity, Schiphol 
is already setting a new 




Ms Suzanne Sweerman 



standard in airport design and innovation. It is Europe's fourth- 
ranking passenger airport, registering a passenger volume of 
51 million in 2012. 

More than being just an airport where planes take off and land, 
AirportCity boasts inviting and inspiring facilities. It is also a 
multi-modal transport hub where efficiency and reliability are of 
paramount importance. And Schiphol is leading the way in terms of 
developing innovative applications to enhance airport sustainability 

Schiphol's bold ambition is to become carbon neutral and 
plans to generate 20% of all its energy requirements sustainably 
by 2020. The airport has purchased 20 electric vehicles and 
is urging its subcontractors to similarly use environmentally 
friendly vehicles. 

In 2010, Schiphol launched theGROUNDS, a knowledge 
cluster in which companies, government agencies and academic 
institutions collaborate on tailor-made applications for Schiphol. 
The first organisations to join theGROUNDS include Delft 
University of Technology; the Netherlands Organisation for 
Applied Scientific Research (TNO); Wageningen University 
& Research Centre; and Imtech, a company specialising in 
'green' technologies. 

Test field of solar panels 

Both Schiphol and technical services provider Imtech have 
created a test field with 9,500 m 2 of solar panels in the Schiphol 
northwest area. The solar panels, now in operation, generate 
more than 440,000 kWh of green energy a year The test aims 
to determine the cost-effectiveness of large-scale, long-term use 
of solar energy at Schiphol. 

Installing solar panels is in line with steps to create a reliable 
and efficient means of energy management. Solar cells were 
previously placed on the roofs of theTransPort office building, 
the Schiphol Group's main office building, and Cargo Building 19. 



LED lighting for car parks and terminals 

The airport is also enhancing the sustainability of its staff car 
parks by installing new LED lighting to achieve energy savings of 
40% to 70% per car park. The 544 conventional high-pressure 
sodium lamps at the P40 parking area have been replaced with 
white Moonlight LED lights. The switch to LED is expected to 
reduce the amount of energy used by I 37,000 kWh per year 
and the amount of C0 2 emitted by over 77.5 tonnes. 

Additionally, LED lighting produces less light pollution and 
will require less maintenance and management, as the LED 
fittings have a service life that spans two decades.The P5 parking 
area and the PI 2 parking deck have also been equipped with 
LED lighting. 

In P5, this will lead to energy savings of 38, 1 20 kWh and a 2 1 .6 
tonne reduction in the amount of C0 2 emitted. 

The PI 2 parking deck will now be able to achieve energy 
savings of 26,000 kWh and a reduction in the amount of C0 2 
emitted of 15 tonnes. The next few years will see the gradual 
replacement of conventional lighting with LED lighting at the 
remaining parking areas. 

LED lighting can also be found in the departure and arrival halls, 
as well as in various parts of the terminal lounges, spotlights 
for art objects, traffic lights, emergency lighting and Christmas 
lighting. Buildings at the airport provided with LED lighting 
include theTransPort office building, the Airfreight Centre and 
the Freightway conference centre. LED lighting has also been 
installed in the tunnel for apron traffic under Runway 06-24 and 
in the big Schiphol advertising towers and billboards. 

The world's first bioport 

By 20 17, the airport aims to become the world's first bioport. 
In order to reach this ambitious target, the airport hopes to 
stimulate the widespread use of sustainable kerosene. Just over 
a year ago, the longest commercial flight on biofuel departed 
from Amsterdam to Rio de Janeiro. The aircraft flew partly on 
sustainable fuel made from used cooking oils. 

In March 20 1 3, KLM began weekly flights from John F Kennedy 
International Airport (JFK) to Amsterdam, on a fuel mix that 
includes leftover oil from frying Cajun food in Louisiana. The 
KLM flights from JFK are powered by a combination of 25% 
recycled cooking oil and 75% jet fuel. The new concept will be 
tested on 24 round-trip trans-Atlantic trips every Thursday for 
six months. 

The fuel comes from oil that remains after frying crawfish, 
cracklins and other Cajun specialties and is refined at a plant 
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near Baton Rouge and then trucked to JFK. There is a similar 
operation powered by European food plants and restaurants, 
which supplies cooking oil for KLM flights headed the other way 
across the Atlantic Ocean. The cooking oil reduces polluting 
carbon emissions by up to 80%. 

Electric mobility 

There is now a green option available to the business market -the 
first Electric Business Taxi.The taxi is 1 00% electric and can cover 
a radius of around 100 km, making it ideal for short distances, 
such as journeys between Schiphol and central Amsterdam or 
the Amsterdam Zuidas business district. The green' version also 
offers Wi-Fi connectivity inside as an additional facility. Eventually, 
Wi-Fi will be rolled out to all Schiphol Business Taxis as well. 

From 2014, Schiphol will start using electric buses to transport 
passengers to and from their aircraft. Schiphol is the first airport 
in the world to move to electric passenger transport on the 
airport apron. 

Schiphol's choice of electric transport to take passengers to 
and from their aircraft represents an important step towards 
reducing C0 2 emissions. As a result, electric buses will play a 
part in making transport at the airport more sustainable. 

Eco-Airport Park 

Waiting for a flight at Schiphol has become 'a walk in the park'. 
The airport recently opened an indoor-outdoor area designed 





Amsterdam Airport Schiphol is setting a new standard in airport design and 

innovation. 

to provide rest and relaxation for the weary traveller Part art 
installation and part airport lounge, it features a virtual-reality 
green space, and occupies more than 2, 1 00 ft 2 (1 95 m 2 ) in the 
middle of the airport. 

The Airport Park, located in Lounge I , above Pier D, is now 
accessible to all airport passengers flying out of Amsterdam's 
airport.The indoor park features both an immense interior and 
an outdoor terrace which can be used when the weather is 
good. The indoor-outdoor green park is the newest addition 
to the airport which already invites travellers to spend their 
transit time at a casino, a library or at the airport's branch of the 
famed Rijksmuseum. 
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The Airport Park owes its 'nature' setting to a technique called 
mixed reality. Projections of butterflies, animal sounds and 
cyclists all convey the feeling of being in a lively city park This is 
further enhanced by images of famous parks from all over the 
world on the interior walls.The eco-themed park aims to mirror 
the peace and serenity that city parks provide amidst the hustle 
and bustle of the metropolitan environment. 

As well as offering a recreational green area for travellers, the 
park uses LED lighting where possible and natural light enters 
through tube lighting and fibre optics cables. Several power 
outlets have been installed for plugging laptops, and free Wi-fi 
is available. If passengers need to recharge their mobile phones 
or other gadgets they can do so by pedalling one of the energy 
generating bicycles available. 

These applications are in line with the airport's brand values of 
sustainability, inspiration and hospitality. The park is the answer 
to the traveller's need for a place to relax or work in a green 
environment - it is a fine example of how Schiphol is constantly 
upgrading the airport experience for travellers. 

(More information on airport logistics or investing in the Netherlands 
may be obtained from Ms Suzanne Sweerman, Executive Director 
- South East Asia, Netherlands Foreign Investment Agency at 
+65 6739 1135, email: sweerman@nfa-singapore.com or 
Ms Adeline Tan Senior Project Manager at +65 6739 I 1 37, email 
tan@nfia-singapore.com or visit www.nfa-singapore.com) 




The test field has 9,500 m 2 of solar panels which generate more than 440,000 

kWh of green energy a year. 





The indoor park features both an immense interior and an outdoor terrace which can be used when the weather is good. 
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POWER GENERATION 




Tuaspring Sea Water Desalination with CCPI 
in Singapore: An Example for Sustainable 
Power Generation ^Y_A^ 

by Camille Hum, Hyflux Ltd, Senior Vice President, Energy & Infrastructure 
Development, and Thomas Hagedorn, Siemens Energy, Vice President Sales, 
GT Power Plant Solutions Asia, Pacific 

The Asian countries have some of the fastest growing populations, leading to massive challenges 
in urban areas. Huge long-term investments in infrastructure are needed, especially in power 
generation, potable water; buildings, and mobility. 

Sustainability for the Asia region requires the creation of a fully integrated and electricity- 
based energy system. The first steps towards lasting economic growth and social welfare have 
already been taken. A good example is the Tuaspring seawater desalination and combined 
cycle power plant (CCPP) project in Singapore, which Hyflux is developing on a Design, Build, 
Own & Operate basis. When completed in 2013, the seawater reverse osmosis (SWRO) 
desalination plant will add 3 I 8,500 cubic metres of desalinated water to Singapore's water 
supply Incorporated into the project is a high-efficiency 41 I MW nameplate-capacity CCPP 
supplied by Siemens, which will supply power to the SWRO desalination plant, with excess 
electricity being sold into Singapore's competitive electricity market. 

This article will describe the challenges and special needs of cities using the example of 
Singapore and will present the enormous challenge posed by the growth of urban infrastructure 
approaching its limits. The consumption of natural resources is also particularly high in cities. 
They account for two thirds of the global energy demand and for up to 70% of the greenhouse 
gases. An energy-efficient and sustainable infrastructure is urgently required. This is the only 
way to maintain the quality of life in cities, ensure competitiveness, and at the same time 
protect natural resources and the environment. In this article, the solutions worked out by the 
Hyflux and Siemens teams to build the first integrated water and power plant in Southeast 
Asia are described in detail. 



Tuaspring is Singapore's largest municipal desalination plant. The 
plant will use Hyf lux's proprietary Kristal ultrafiltration (UF) 
membrane technology for the pre-treatment process followed 
by a double pass reverse osmosis (RO) system to produce 
water for domestic and industrial use. Tuaspring features the 
second largest UF membrane installation after the 500,000 m 3 / 
day Magtaa Desalination Plant in Algeria, the world's largest 
membrane-based desalination plant, also built by Hyflux. Kristal 
UF membranes are designed and developed to effectively 
remove suspended solids, microorganisms and bacteria 
from raw water It is the first UF membrane to achieve NSF 
certification for removal of Cryptosporidium. As well as its use in 
providing safe drinking water the Kristal UF membrane provides 
a high quality SWRO pre-treatment solution, enhancing the 
performance and extending the lifespan of the downstream RO 
membranes, thereby consuming less chemicals and energy. 



To further improve the operational cost efficiency and provide a 
better return on investment, the high efficiency Siemens F Class 
CCPP was selected to provide electricity for the SWRO plant 
as well as to the Singapore electricity market. By combining the 
two plants, significant capital and operating cost synergies have 
been obtained. 

The Singapore Water Story is a compelling one, on how a small 
island, with no natural aquifers and covering only 714 square 
kilometres has been able to overcome various challenges such 
as a lack of natural water bodies, drought, floods and water 
pollution, to build a robust and diversified supply of water to 
serve its population and industries. Currently Singapore relies on 
four sources of water namely, local catchment water imported 
water highly purified reclaimed water known as NEWater and 
desalinated water 
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Today, Singapore's water demand is about 1,730,000 cubic 
metres a day. This amount is expected to double in the next 
50 years, with about 70% of the demand coming from the non- 
domestic sector and domestic consumption making up the 
other 30/6. To meet the long-term water needs of Singapore, 
the total water catchment area in Singapore will be increased to 
90% of total land area from the current two-thirds. Concurrently 
other sources of water will grow as well. By 2060, the current 
NEWater capacity will be tripled so that NEWater can meet 
50% of future water demand.There is also the intention to ramp 
up desalination capacity by almost 1 times so that desalinated 
water will meet at least 30% of water demand 1 . 

As well as the challenges Singapore faces in meeting its water 
needs, the island also lacks natural energy sources and must 
import its raw energy needs. Historically, the power industry 
in Singapore was thermal-based, fired with high sulphur fuel oil 
(HSFO). In recent years though the industry has been migrating 
towards more environmentally friendly natural gas as its fuel 
source. Piped natural gas is currently imported from Malaysia 
and Indonesia. However with increased regional needs for 
energy resulting from economic growth, Singapore needs to 
both widen its sourcing of energy and ensure that energy is used 
efficiently. To this end, the Singapore Government announced 
in 2006 that it would build an LNG (Liquefied Natural Gas) 
terminal to import LNG. The LNG import terminal is due to 
commence operations in 20 1 3.The Siemens CCPP incorporated 
into theTuaspring project will use regasified LNG as its primary 
fuel. Using a single-shaft configuration, it will be one of the most 
efficient electricity generators in the country when completed 
in 2014, thus making an important contribution to Singapore's 
energy sustainability. 

THE CHALLENGE - COMBINING WATER 
WITH EFFICIENT POWER PRODUCTION 

Although Singapore is located between the Indian Ocean 
and the South China Sea, it faces strong challenges to meet 
the freshwater needs of its rapidly growing population. As part 
of the nation's long-term plans to address this need for water 
Hyflux received the award from PUB (Singapore's national water 
agency) in 201 I to design, build, own and operate the second 
desalination plant in the city state. The new desalination plant, 
called Tuaspring, is designed to produce 318,500 cubic meters 
of desalinated water per day. When operational in 201 3, it will 
be the largest desalination plant in Southeast Asia. 

With no natural energy sources, Singapore faces similar 
challenges in meeting its growing electricity demand. It is doing so 
by diversifying its energy sources, such as with the construction 
of a new LNG import terminal, and by turning to efficient CCPP 
generation technology. The Tuaspring project will incorporate 
a high efficiency Siemens F Class CCPP By combining the 
desalination plant with a highly efficient power plant, the project 
not only realises significant capital and operating cost advantages, 
for example, by only needing one intake and one outfall and 
associated pumps for both plants, but also makes an important 



contribution to Singapore's long-term water and energy 
sustainability. For this particular project, Hyflux started with the 
construction of the desalination plant, and then developed the 
civil works for the power plant. Siemens manages the power 
plant technology and supplies a SGT5-4000F gas turbine, the 
HRSG (heat recovery steam generator), a SST5-3000 steam 
turbine, a SGen5-2000H-series hydrogen-cooled generator and 
the SPPA-T3000 instrumentation and control system, as well as 
some other systems. The dual fuel natural gas cum distillate oil- 
fired Tuaspring CCPP will be built in a single-shaft configuration. 
Siemens has also concluded a long-term service agreement 
covering the major components, and will also supply the plant's 
electrical switchgear and transformers. Hyflux is taking care of 
the balance of the plant - the civil and structural works. 

Stand-alone plants are well-established engineering projects, but 
in the case of theTuaspring plant, two different plants need to 
be put together This requires two teams of specialists to look 
into a common project execution programme. For example, on 
the civil engineering side, both desalination and power plants 
will require piling and civil work following a comprehensive 
regulatory approval procedure. Thereafter building works, 
mechanical, piping work and electrical works follow. The key 
difference between the two plants is that one requires the 
use of membranes and the other requires the use of natural 
gas. The mechanical parts are different, but in terms of project 
management and project execution, they are quite similar 

THE SOLUTION 

Overview of the desalination plant 

Tuaspring is Singapore's largest municipal desalination plant. The 
key technology that will be employed in the desalination process 
is reverse osmosis (RO), whereby seawater is forced against 
semi-permeable RO membranes underpressure in a continuous 
flow condition to separate salts from water When completed 
in 20 1 3, the plant will add 3 1 8,500 cubic metres of desalinated 
water to Singapore's water supply. The water produced will be 
for domestic and industrial use. 

The plant will also showcase Hyf lux's proprietary Kristal 
ultrafiltration (UF) membrane technology for the pre-treatment 
process to be followed by a double-pass RO process. Tuaspring 
will feature the second largest UF membrane installation in the 
world, after the 500,000 m 3 /day Magtaa Desalination Plant in 
Algeria, the world's largest membrane-based desalination plant, 
also built by Hyflux. 

Hyflux's Kristal UF membranes, the first to achieve NSF 
certification for removal of Cryptosporidium, are well suited for 
SWRO pre-treatment. Kristal UF membranes act as an effective 
barrierto suspended solids and micro-organisms, ensuring stable, 
high quality, feed water to be delivered to the RO membranes, 
thereby enhancing the performance and extending the lifespan 
of the RO system. 
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Figure I :TheTuaspring desalination plant 

TheTuaspring desalination plant has the following main features: 

• 25 Years' Water Purchase Agreement with PUB (Singapore's 
national water agency) 

• Capacity: 3 I 8,500 m 3 /d 

• Expected completion 20 1 3 
Overview of the power plant 

For the Tuaspring CCPR the Siemens proven single shaft 
concept has been applied, which has at site ambient conditions 
a power output of > 390 MW and a net efficiency of 58.5 %. 
The following main features apply: 

• Single shaft configuration 

• Gas turbine SGT5-4000F fired with natural gas (re-gasified 
LNG) and distillate oil as emergency back-up fuel 

• Steam turbine SST5-3000 with axially installed condenser 
coupled to the generator by Syncro-Self-Shifting clutch (SSS) 

• Common hydrogen cooled generator SGen5-2000H for the 
steam & gas turbine 

• Triple pressure reheat heat recovery steam generator 

• Plant control systems (SPPA-T3000) 

• Power Control Centers and electrical equipment like Isolated 
Phase Bus Duct, generator circuit breaker DC-components 
and switchgears 

The principal arrangement of the components is shown in 
Figure 2. 




The model SGT5-4000F combustion turbine is a single-shaft 
machine of single-casing design. The basic design has been 
adopted from previous gas turbine models, including the 
following features: 

• Disk-type rotor with central tie bolt and radial serrations 

• Two outboard bearings 

• Generator drive at compressor intake end 

• Axial exhaust diffuser 



Power Output: 292 MW 
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Figure 2: The Siemens single shaft - schematic drawing. 



Figure 3: Siemens SGT5-4000F gas turbine 

The rotor is supported by two bearings. A combined journal 
and thrust bearing is located at the inlet side of the compressor 
A journal bearing is located at the exhaust side of the turbine. 

The rotor is an assembly of disks, each carrying one row of 
blades, and hollow shaft sections, all held together by a 
pre-stressed central-tie bolt. Hirth serration provides the 
alignment of disks and hollow shaft sections allow free radial 
expansion and contraction, and transmit the generated torque. 
The turbine rotor is internally air-cooled. 

The ring-type combustion chamber is connected to the 
turbines' common outer casing.The gas turbine is characterised 
by remarkable uniformity of the exhaust-gas temperature 
field over the full cross-sectional area of the diffuser This 
is attributable to the fact that the 24 hybrid burners in the 
SIEMENS Hybrid Burner Ring (HBR) form a continuous ring 
flame, thus eliminating hot and cold spots. The combustion 
chamber's hybrid burners suppress thermal NOx formation 
without injection of either steam or water The design is based 
on extensive operating experience with hybrid burners since 
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1 986. This combustion system combines all the advantages of 
optimal combustion, including: 

• Low NOx and CO emissions 

• Low pressure drop 

• High operating flexibility 

• Fully symmetrical design utilising a small number of different 
shapes of heat shields 

• Optimal size and number of burners 

• Compact design with good accessibility 

• Extended maintenance intervals for maximum availability 

The gas turbine is factory-assembled and shipped in modules for 
convenient field erection. 

Since its market introduction in the 1 990s, more than 3 1 units 
of the SGT5-4000F have been contracted and more than 230 
are in commercial operation right now. 

The two-pole SGen5-2000H generator has direct radial 
hydrogen cooling for the rotor winding and indirect hydrogen 
cooling for the stator winding. The hydrogen-filled generator 
casing is a pressure-resistant and gas-tight construction and is 
equipped with end shields at each end. The hydrogen cooler 
is divided into four sections, two arranged at each generator 
end. The three-phase winding inserted in the stator core slots 
is a two layer transposed-bar design. The winding insulation is 
vacuum pressure impregnated together with the stator core. 
The high-voltage insulation is provided according to the proven 
proprietary epoxy-mica insulation system. The generator rotor 
shaft is a vacuum-cast forging and has two end-shield sleeve 
bearings.The hydrogen is circulated in the generator interior in 
a closed circuit by axial flow fans arranged on the rotor shaft 
journals. A gas system contains all necessary equipment for 
filling, removal and operation of the generator with purging gas, 
hydrogen or air 

An excitation transformer is used to take the excitation 
current from the auxiliary power system. A start-up frequency 
converter is provided for start-up of the turbine generator unit. 
The generator acts as a motor in the converter mode to start 
the gas turbine set without additional rotating prime mover 




Figure 4: 3D longitudinal section of the generator (SGen5-2000H) 

The provided steam turbine SST5-3000 consists of one HP 
casing and one combined IP/LP casing. All components are 
standardised modules. The individual shafts of the steam turbine 
cylinders are coupled rigidly together 
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Figure 5: Longitudinal section of the SST5-3000 steam turbine 

The SST5-3000 features a LP inner casing supported by bearing 
pedestals on the turbine deck, minimised axial expansion due to 
thrust bolts (connection between IP outer and LP inner casing), 
improved efficiency through 3D high performance reaction 
blading and high reliability, and excellent vibration characteristics 
due to fixed (ie non-sliding) pedestals. In short, this steam 
turbine combines all advantages of optimal steam turbine design, 
including: 

• Highest efficiency 

• Highest availability 

• Easy maintenance 

• Low time expenditure for inspections 

• Trouble-free operation at any load required by the system 

The turbine is operated in sliding pressure mode from 100/6 - 
60% output and in fixed pressure mode below this range. 

For reasons of flexible operation and start-up procedure of 
the single shaft, a self-synchronous clutch is installed between 
the generator and the steam turbine. With the gas turbine only 
driving the generator (during start-up) and the steam turbine 
in standstill, the clutch is disengaged. When the steam turbine is 
accelerated and at the moment when the steam turbine speed 
overtakes the generator the clutch is engaged, transferring the 
torque of the steam turbine to the generator 

The condenser is a box type surface condenserThe condenser 
is installed lateral to the LP turbine and forms an integral part of 
it.The steam dome, shell, hot well, and the water boxes are steel 
fabrications. The condenser is fixed to the foundation beneath. 
Thermal expansion will be accommodated by means ofTeflon 
pads. The single flow LP turbine outer casing is connected to 
the condenser via the steam dome. The steam dome is welded 
to the exhaust casing of the turbine with the result that the LP 
turbine cylinder and the condenser form one unit. 

The water-steam cycle consists of the following systems: 

• Condensate system including condensate supply, condensate 
preheating, condensate polishing 

• Feed water system 

• Heat recovery steam generator 

• Main steam system (HP-, IP-, LP-main steam) and reheating 
system 
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The heat recovery steam generator (HRSG) is located 
downstream of the gas turbine diffuses The HRSG recovers 
GT-exhaust heat by generating steam which is used in the water/ 
steam-cycle to power the steam turbine. The steam generator 
produces steam in three pressure stages: a high-pressure-, an 
intermediate-pressure- and a low-pressure- stage. All three 
stages are natural circulation with drum-type generator A 
condensate pre-heater is integrated in the HRSGThis arrangement 
enables high efficiency of the combined cycle power plant by 
using the exhaust gas energy to preheat the condensate before 
it passes towards the feed water pump and into the LP system. 

The boiler casing is made of steel plate as required for the 
prevailing exhaust gas temperatures. The HRSG is of the 'cold 
casing' design with inside insulation. The gas flow through the 
HRSG is horizontal. The HRSG is equipped with an outlet duct 
and steel stack at the end. The stack is equipped with a damper 
and a silencer 

The heating surfaces consist of finned tubes which are 
suspended from a support structure from the top. Each steam 
stage consists of an economiser (HP and IP), evaporator and 
superheaterThe feed water is heated in the economiser and fed 
into the drum from where it flows into the evaporator where 
a portion is evaporated. The thus created water steam mixture 
flows back to the drum where it is separated. The saturated 
steam is fed to the superheater where it is superheated up to 
the main steam outlet temperature. 

The turbine exhaust steam is condensed by the sea water-cooled 
condenser The condensate accumulated in the condenser hot 
well is discharged by one of the 2x1 00% condensate extraction 
pumps (CEP) to the condensate preheating system. One 
condensate extraction pump operates during full load operation 
and a standby pump is ready to cut in automatically in case of 
failure of the operating pump.The deaeration of the condensate 
is mainly performed in the condenser under vacuum. 

The condensate extraction pump delivers the condensate from 
the condenser hot well to the LP drum and to the suction side 
of the feed water pumps via the condensate preheater (CPH) 
of the HRSG. 

A connection from the demineralised water distribution system 
is installed for filling of the pump discharge side and pressurising 
the condensate system during standstill. Downstream, a line for 
the injection cooling of the intermediate pressure (IP) and low 
pressure (LP) bypass stations branches off. 

The feed water is routed downstream of the HRSG condensate 
pre-heater in separate suction lines to the feed water pumps 
via a strainer located upstream of each pump. An automatic 
recirculation check valve for the pump minimum flow 
requirement is located downstream of each feed water pump. 
The minimum flow is returned to the condensate preheating 
system upstream of the condensate pre-heater The HP pump 
discharge lines are connected to a common header which 
delivers feed water to the HP part of the HRSG. IP feed water 
is tapped from an intermediate pump stage. The tapping lines 
are connected to a common header which delivers the feed 




water to the IP part of the HRSG. Another tapping point of 
the feed water pump is used to recirculate feed water via a 
common header to the condensate preheating system. 

In order to achieve short start-up times and to control turbine 
trips, a turbine bypass system is provided. The bypass system 
consists of the HP-bypass connected to the cold reheat as well 
as the IP- and LP- bypass, both dumped to the condenser and 
related attemperation systems. The bypass control valves are 
equipped with hydraulic drives. 

The objective of the fuel gas preheating system is to preheat 
the fuel gas to approx 2 1 5° C for increasing the efficiency of the 
power pi ant. Therefore IP feed water is extracted from the inlet 
and/ or the outlet of the IP economiser and routed via the fuel 
gas pre-heater to the condensate preheating system upstream 
of the HRSG condensate pre-heater Downstream of the fuel 
gas pre-heater a mass flow control valve is provided to control 
the fuel gas temperature at the outlet of the fuel gas pre-heater 
To guarantee sufficient mass flow through the pre-heater at 
part load and pre-heater start-up conditions, and to limit the 
temperature gradient at the pre-heater a recirculation pump is 
installed. This pump returns cold condensate from the outlet of 
the pre-heater to the inlet via a recirculation control valve. 

For the Distributed Control System (DCS), Siemens will supply 
the SPPA-T3000 (Siemens Power Plant Automation Teleperm 
3000) which is designed for the specific needs of the power 
generation industry. The SPPA-T3000 DCS is a hierarchical 
information and automation system (Figure 6). The system uses 
continuous information flow, consistent data management and 
storage, flexible instrumentation and control (l&C) concepts, and 
uniform Human Machine Interface (HMI) platforms to perform 
necessary automation, operational control, and data monitoring 
for the plant. The SPPA-T3000 DCS design features include: 

• A plant-oriented process control structure that provides 
operational functions, combined with monitoring and 
diagnostic capability 

• A redundant, modular structure capable of future expansion 
by adding equipment as required 

• An open local area network (LAN) structure for interfacing to 
other automation systems and external computer networks 

• A '3-Tier architecture based on the server/client networking 
structure. This architecture along with the use of Web 
technology, Industrial Ethernet communications and a 
component-based software structure combine to form a 
state-of-the-art Distributed Control System that has been 
consistently tailored to the process engineering needs of 
modern power plants. 

The 100 Mbit Ethernet Bus system (Application Bus and 
Automation Bus) provides the communication between the 
HMI, the Automation Units (Automation Servers) and the 
Application Serverthat provides all necessary functions for plant 
engineering, operation monitoring, diagnostics and storing of 
process data.The connection to the field devices is implemented 
via I/O modules which are installed in I/O cabinets. 



22 



THE SINGAPORE ENGINEER September 20 1 3 




POWER GENERATION 






Clients 


HMI Tier 








Services ^^^^m 




l^^^B S«™ Products 




: 


a- 1 


Processing 
Tier 


Process 


njrni B^nw | 

UO Modules 


Field 

Acquisition 
Tier 



Figure 6: SPPA-T3000 3-tier architecture 

Embedded Component Services - ECS is the basic concept of 
the system that embeds all process-relevant data into every 
single component.This component embedded approach allows 



all data to be intrinsically available for operation, engineering or 
diagnostics. An important advantage to this structure is keeping 
the user interfaces (Thin Clients) independent from other 
applications. The main benefits of the SPPA-T3000 software 
architecture are: 

• Consistent views at any time 

• Only one data management location 

• Integrated l&C, plant display, alarm, diagnostics and engineering 

• No code generation and separate down-loading activities 

• No subsystems such as engineering stations, operating stations 
and diagnostics computers 

SPPA-T3000 provides a range of services to achieve power 
plant functionality. All functions are provided in a modular and 
independent manner A single-user interface called Workbench 
provides the central interaction point that allows the operator 
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Figure 7: The combined cycle power plant within the Tuaspring facility 
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engineer; technician and manager to access all information, 
operate the plant, and perform required configuration and 
engineering tasks and trouble-shooting tasks. All views are 
displayed in windows, and several windows can be placed on 
the workbench. 

Water integration 

For the Tuaspring facility, a combined water system has been 
chosen, which serves the power plant and the desalination unit. 
Water will be drawn from the sea and firstly routed to the 
power plant where it is used as cooling water to condense 
the steam in the condenser and to cool auxiliary services. As a 
result, the temperature of the cooling water; which is then fed 
directly into the desalination plant, rises. Because the seawater is 
going through the RO system at a higher temperature, the RO 
pumps will not have to work as hard, thereby saving a significant 
amount of energy. 

Layout 

The design for buildings and foundations complies with Siemens' 
standard building concept, which is applied for all its single-shaft 
units, and also complies with applicable statutory requirements, 
as well as withTuaspring's specific conditions. 

Based on the results of the soil investigation and test piling, 
the foundation slabs are made out of reinforced concrete. The 
building superstructure is a skeleton steel structure with metal 
cladding. In order to remove heat generated by the components, 
the buildings are equipped with a ventilation system. 

The turbine building is a compact structural steel building of 
rectangular design and contains the gas turbine, generator and 
steam turbine, with their associated components (eg evacuation 
pumps, condensate cleaning system, main condensate pumps, 
closed cooling water pumps and the heat exchangers for the 
closed cooling water system). The main machine components 
are arranged in a single train in the following order: gas turbine, 
generator; clutch, steam turbine and the condenser arranged 
transversally to the turbine axis. The air intake filter house is 
located next to the annexe at the side of the main bay of the 
turbine building.The filtered air is led straight into the gas turbine 
compressor by way of an aerodynamically optimised oblique 
steel fabricated duct, in which a silencer is installed. 

Material access is provided via steel leaf folding doors or roller 
shutter door to the entrance bay beside the turbine generator 
set. Access for inspection and maintenance of all main and 
auxiliary equipment is fully ensured. 

Special care is taken to ensure the provision of short paths, 
dismantling and lay down areas for overhaul operations, and 
good accessibility to buildings and components for maintenance. 

The piped fuel gas is delivered from the site boundary terminal 
point through gas filtering, metering and preheating equipment, 
to the gas turbine fuel gas skid. This equipment is pre-assembled 
on skids.The back-up fuel oil (Diesel No 2) is delivered by truck 
to site and stored in a day tank. 

The prefabricated containers for electrical and l&C equipment 




are located outdoors close to the turbine building to ensure 
short connections. The main transformer is arranged laterally 
at the turbine building across the street for integration into the 
electrical system of the Tuaspring facility. The 230 kV HV cables 
will be laid in a cable trench. 




Figure 9: The Tuaspring CCPP 



Figure 9 depicts a CCPP arrangement that follows the Siemens 
Reference Power Plant design. The inherent flexibility of this 
design allows for an optimised arrangement of auxiliary systems, 
facilitating short and practical routes for integration between 
the CCPP and the desalination plant. 

Electrical integration 

The power plant generator is connected via the generator 
circuit breaker to the step-up transformer; which transforms the 
voltage from 20 kV to the grid voltage of 230 kV. 

The desalination plant is connected to a 66 kV grid via 
transformers, which reduce the voltage to 22 kV. 

To integrate the plants, in addition to the usual auxiliary power 
transformer which taps off the insulated phase bus duct (IPB) 
at the power plant and provides power to the 6.6 kV middle 
voltage system, one additional transformer is connected to the 
IPB, which transforms the 20 kV generator voltage to the 22 
kV necessary for the desalination plant.The IPB is routed across 
a road to the transformer and switchgear structure. By this 
connection, the whole desalination plant can be supplied with 
electricity generated by the power plant directly 

The 230 kV power plant and 66 kV desalination plant shall not 
be operated in parallel, hence an open-transfer is selected. 

A further connection between the power plant and the 
desalination plant is provided on the 6.6 kV busbar This 
connection provides power for the seawater pumps, enabling 
the power plant to operate in a standalone manner; in case the 
66 kV power source to the desalination plant is out of operation. 

The overall declared fault current contributions to the grid 
connection point is one of the key concerns of the power 
system. Extensive calculations and studies were performed as 
required in the Singapore Transmission Code. 

In order to achieve the required fault current limit, a rather 
high impedance for the generator transformer was selected. 
Additional grounding options also help to address these power 
system concerns. 
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Figure 1 0: Single line 

FLEXIBILITY 

Combined-cycle power plants (CCPPs), with their excellent 
dynamic behaviour make it possible to provide highly flexible 
solutions with the ability to balance out pronounced daily load 
ramps.This is especially important in Asia where - unlike Europe's 
interconnected power grid, within which all the various national 
power grids work together - most Asian networks have none 
or only minor backup links to other networks. Consequently 
blackouts usually have to be avoided and grids need to be 
stabilised by their own spare capacity This fact is reflected in 
Asian grid codes, many of which impose requirements similar 
to that of the UK grid code. The stringent demands of the UK 
grid code likewise result from Great Britain's insular geography 
which has always kept the country from being fully tied into 
Europe's interconnected grid. 

With reference to the kind of demand fluctuations with which 
the region must contend, Singapore, for example, is confronted 
with daily load fluctuations of up to 60%. Hence, the Singapore 
grid must maintain power capacities ranging between 4000 
MW and 6500 MW. CCPPs, with their relatively short reaction 
times, are definitely superior to other kinds of power plant 
when it comes to satisfying peak loads. Moreover they can be 
systematically demand-optimised by way of today's on-demand 
start-stop cycling modes. New operational concepts now enable 
optimisation of part-load efficiency, so the units are able to 
minimise their fuel consumption under part-load conditions. 

TheTuaspring CCPP is no exception and is fully capable of fulfilling 
the requirements of the Singapore grid while providing power to 
the desalination plant.The following are the main requirements: 

• High Frequency Response: 

- Primary Reserve: Within 8 sec, for further 22 sec, activation 
automatically acc to Af 

- Secondary Reserve: With in 30 sec, for further 9 min 30 sec, 
activation automatically acc to Af 

• Contingency Reserve: 10% within 10 min for 30 sec upon 
instruction 

• Island Operation Capability 

• Automatic Fuel Change-over from fuel gas to fuel oil and vice versa 

• Fast start up and loading capability 

In order to satisfy these requirements the Siemens combined 
cycle is equipped with the following features: 



• Fast Inlet Guide Vane Control 

• A variable self-shifting synchronous clutch allows GT operation 
and start-up, independent from ST operation 

• Full Duty Bypass stations (1 00% steam flow including injection 
water) provide an easy matching of the steam conditions to ST 
requirements and de-coupling of the HRSG (load rejection) 
from the ST 

• Short and simplified start-up procedure and operation of 
the units 

• A higher environmental acceptability, since less steam is discharged 
to the atmosphere due to a shorter start-up procedure 

• Operation of HRSG and ST without thermal stressing, due 
to nearly constant steam temperatures in the GT load range 
above approx 40%, results in prolonged life-time. This is 
achieved by variable inlet guide vanes (IGV) which keep the 
exhaust gas temperature constant at higher GT loads. 

• Load changes at GT loads above 40% with constant exhaust 
gas and steam temperatures are possible during sliding 
pressure operation with approximately 3%/min, based on 
typical HRSG loading transients. Above 60% ST load, control 
valves are completely open and the ST follows according 
to the change in steam production, without regulation of 
its output. 

• Below 60% ST load, control valves are throttled to keep steam 
pressure constant at the preset minimum pressure required 
by the HRSG. 

Primary and Secondary Frequency Control as required by the 
Singapore Transmission Code is achieved by the increase or 
decrease of the gas turbine output in fuel gas mode. Primary 
and Secondary Reserves are not additive, but consecutive. 
The droop setting is adjustable at the GT speed controller 
Typical droop setting values are in the range from 3 % to 8 %. 
Regulation Reserve and Contingency Reserve are provided by 
load set point adjustment, provided that the plant is operated in 
part load accordingly. 

Under islanded conditions (system disconnected from grid 
while the power plant is still supplying external consumers), the 
plant will respond with its current frequency response capability. 
Island operation is provided by the GT only - the ST is tripped. 

The continuous operational frequency range of the unit is 47.5 
Hz to 52 Hz according the Singapore Transmission Code. The 
frequency range from 47 Hz to 47.5 Hz is limited to 20 sec per 
event. Cumulated operation time in this frequency range is limited 
to 30 min in total. After 30 min, an inspection is recommended. 
Below 47 Hz and above 52 Hz, plant disconnection is initiated 
without time delay. The maximum (base load) output of the 
gas turbine decreases at lower frequencies, depending on the 
ambient temperature. 

The Singaporean regulations furthermore require that the 
power plant is capable of switching safely from fuel gas to fuel oil 
and vice versa. Dedicated control systems and the design of the 
burners allow the plant to changeover fuels during operation, 
without disconnecting the plant from the grid. 



September 20 1 3 THE SINGAPORE ENGINEER 



25 



B POWER GENERATION 

PROJECT EXECUTION 

Project management 

The scope and complexity of engineering, procuring, 
constructing, erecting and commissioning a power plant requires 
the unrestricted and open co-operation of many specialists with 
diverse training and knowledge but with one common goal - the 
installation and commissioning of the plant to the satisfaction of 
all stakeholders. 

In this particular project, it is not only a question of client and 
supplierThe integration of the power plant into the desalination 
facility constitutes a special challenge for project management. 

Hyflux has vast experience in the execution of desalination 
projects as one of the major global players in this market 
and Siemens is known as one of the world's most reputable 
power plant EPC companies. In order to leverage the individual 
capabilities of both partners to a maximum, a tailored scope 
split has been developed. For example, the complete civil works 
and the majority of the power plant's balance of plant, including 
but not limited to the demineralisation plant, which is another 
Hyflux in-house product, have been allocated to Hyflux's scope 
as significant synergies are provided by the bundled execution 
of desalination and power plant. 

This scope split represents the technical basis of such a co- 
operation. Hence it needs to be elaborated in great detail, 
considering all aspects of plant construction. Whereas hardware 
interfaces can be easily defined, software and engineering 
interfaces are challenging to synchronise. However they play a 
crucial role in project execution and therefore special attention 
has been paid to them.These interfaces involve engineering tools, 
engineering standards, engineering sequences, documentation 
and communication tools, nomenclature and abbreviations, to 
name only a few. 

Experts on both sides need to be capable of understanding 
the technical specifics of the other party's business and need 
to be flexible enough to modify designs, which may be proven 
standalone, but, which, however are not optimum for the 
common operation of the whole plant. 

It is quite obvious that such a complex and comprehensive 
interaction needs a different way of co-operation.The traditional 
customer-supplier role-model is not suitable to achieve the 
ultimate goal. A common, target-oriented mindset is required 
to make sure that the diverse challenges can be overcome. It is 
one of the key tasks of the senior project management that the 
attitude of the whole team, as well as the whole organisation, 
is developed and maintained as a partnership attitude. This sets 
the foundation for an integrated project execution as one team. 

The strategy to fulfill the tasks of the project management 
comprises the following key elements: 

• The empowerment of a general project manager with full 
authority and having the direct support of the top management 

• Careful selection of highly qualified project managers 
and experienced personnel having the flexibility and 
mindset required 




• Commitment to total quality management to consistently 
deliver a high quality product 

• Commitment to rigorous health & safety and environmental 
management 

• The use of effective standardised management procedures 
that integrate all parties 

• The use of effective planning, project management and 
execution tools developed on the basis of the experience of 
executed projects 

• Thorough and detailed planning, measurement and controlling 
of activities and controlling of all involved parties 

• Team building activities and rewards for good performance 

• Siemens project management and liaison office in Singapore 
for permanent availability 

• Team meetings on a regular basis 

Personnel of the project management organisations are 
appointed at an early stage, even in the bidding and negotiation 
phase, in order to facilitate a flawless start into the project. 

Project control 

After the effective date of the contract, a kick-off meeting 
between Hyflux and Siemens project management was held 
to discuss and establish planning principles for the proposed 
project control process. 

Within eight weeks of the effective date of the contract, 
an Integrated Project Schedule (IPS), which is based on the 
agreements reached in the executed contract, was established 
by both parties. 

The Integrated Project Schedule (IPS) contains detailed 
engineering, site mobilisation, procurement, manufacturing, 
shipping, construction and commissioning activities performed 
by the parties and their sub-suppliers. 

A detailed identification of interfaces with respect to the 
chronological synchronisation is absolutely mandatory During joint 
execution, full transparency and consistent tracking of activities and 
milestones are among the core pillars of successful implementation. 
Regular internal reviews will be performed to control performance 
in the engineering departments as well as on site. 

A progress reporting system is implemented, based on an agreed 
standard format. Barcharts for both partners are prepared on a 
summary level. Critical activities are highlighted. 

Environment, health and safety 

Special attention is paid by both Hyflux and Siemens to 
Environment, Health and Safety (EHS). For Siemens, this 
attention is underlined by the full commitment of the entire 
Siemens management hierarchy and is laid out in the Siemens- 
wide project management system for all parties involved. 
Through this commitment and the stringent implementation of 
all measures, the loss time frequency rate (LTFA) of all Siemens 
projects worldwide is at a record low level of 0.08, which 
represents a further important selection criterion. 
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This article describes how Hyflux and Siemens are joining 
forces to construct the largest Integrated Water and Power 
Plant (IWPP) in Southeast Asia, thereby making an important 
contribution to Singapore's long-term water and energy 
sustainability.TheTuaspring project is a good example of the kind 
of sustainable infrastructure Asian cities will need to implement 
in order to maintain quality of life, ensure competitiveness and 
conserve natural resources and the environment. 

Hyflux went through very detailed studies of various turbines 
by different companies, and has chosen Siemens because of its 
ability to bring value to Hyflux's investment in the project. 

Siemens contributes to the success of this project with 
high-technology turbine products and sophisticated project 
management execution and partnering expertise. For the 
Tuaspring project, Siemens understands the local rules and 
regulations and brings in a high-value product to Singapore. The 
SGT5-4000F turbine delivered for this IWPP project has the 
highest efficiency combined with utmost reliability. 

In the future, Hyflux hopes to provide innovative solutions such 
as the Tuaspring IWPP for similar projects around the region. 
Hyflux also wants to take this know-how to develop projects 
overseas, and looks forward to working closely with Siemens on 
upcoming projects. 
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Turnkey CCPP projects in Oman enter 
commercial operation 

Siemens Energy and its consortium partner GS E&C have 
completed and commissioned the two turnkey combined- 
cycle power plant (CCPP) projects Sohar 2 and Barka 3 
in the Sultanate of Oman on schedule. In 2012, both units 
went into operation in simple-cycle mode to help meet 
the country's strongly growing demand for electric power 
Following steam turbine add-ons, both plants commenced 
commercial operation in combined-cycle configuration 
in April 2013 - well on time to meet the peak electricity 
demand during the hot summer months. With their total 
electrical generating capacity of 1.5 GW, these two plants 
increase the sultanate's current existing capacity of about 
4.5 GWto approximately 6 GW. 

Sohar 2 was built in the Sohar industrial park, approximately 
200 km northwest of the nation's capital, Muscat, while Barka 
3 was erected in the immediate vicinity of Muscat. For each 
of these plants, Siemens supplied the main components, 
comprising two SGT5-4000F gas turbines, one SST5- 
5000 steam turbine, three SGen5-2000H generators, the 
electrical equipment and the SPPAT3000 instrumentation 
and controls system. The consortium partner GS E&C 
supplied the heat recovery steam generators and was 
responsible for other work such as the civil construction 
work, electrical transformers and ancillary systems as well 
as equipment installation. 

The SGT5-4000F is characterised by high performance, 
low power generating costs, long intervals between major 
inspections and an easy-to-service design. 

Optimised flow and cooling add up to high gas turbine 
efficiency levels for economical power generation in 
combined-cycle applications. Its technology is based on 
proven design features. 

Siemens has been active in Oman since 1974, playing an 
important part in many of Oman's major power plant 
projects over the past 40 years. 

According to Siemens, customers can benefit from the 
company's expertise in integrating the mechanical, electrical 
and chemical processes of fossil fuel power plants 

Siemens points out that at both Sohar 2 and Barka 3, the 
company succeeded in achieving reliable technological 
excellence, on schedule, by combining quality in project 
planning and project execution. 

The purchaser of the project-financed plants was a 
consortium led by the French utility GDF SUEZ.AI Batinah 
Power Company is the owner of Sohar 2 Power Station, 
while Al Suwadi Power Company owns Barka 3. The two 
plants will be operated by Suez-Tractebel Operation and 
Maintenance Oman LLC. 

Highly efficient combined cycle power plants are part of 
Siemens' Environmental Portfolio. In fiscal 2012, revenue 
from the portfolio totalled about € 33 billion, making 
Siemens one of the world's largest suppliers of eco-friendly 
technologies. In the same period, the company's products 
and solutions enabled customers to reduce their carbon 
dioxide emissions by more than 330 million tons. 
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Is Energy-f rom-Waste (EfW) using gasif icatioi 
bankable? 



by Duncan J Barker, Mott MacDonald, Thailand, and Pete D Lilley, Mott MacDonald, UK 

Increasing energy demand and regulatory drivers are creating an opportunity for developers 
to explore energy-from-waste (EfW) projects in many regions of the world. At the same 
time, stricter emission standards are demanding cleaner and more efficient solutions than 
the traditional mass-burn technologies. This has resulted in the rapid development of 
gasification technologies for the treatment of waste. However, these technologies are at 
varying degrees of 'proven-ness' which is creating a challenge for developers to get their 
projects financed through typical project finance mechanisms. Mott MacDonald, a global 
engineering consultancy, has undertaken numerous technical due diligence reviews of EfW 
projects worldwide. Drawing on this global experience, this article discusses the definition 
of 'proven technology' and what it actually means for a technology to be considered 
'proven'. A review of where gasification technology currently lies with respect to typical 
bankable criteria is presented together with an outline of some of the steps developers 
can take to improve the 'bankability' of their projects. 



Introduction 

Traditionally, municipal waste has been dumped in landfills. In 
a crowded world, becoming more conscious of environmental 
emissions and potential resource shortages, this is increasingly 
seen as unwise for three main reasons: 

• Shortages of suitable land to locate landfill sites in areas out 
of sight (and out of mind) so as not to be regarded as a public 
nuisance. 

• Uncontrolled emissions of methane and C0 2 ,with Greenhouse 
Gas implications, and of other pollutants, notably wind-blown 
litter H 2 S, dust, and toxic leachate. 

• 'Loss' of valuable extracted and/or refined resources, dumped 
rather than re- used. 

Environmental regulation of landfill sites in many parts of the 
world can now mitigate the worst of the emissions, and the 
methane produced by the natural process of anaerobic digestion 
within the deposited waste can be recovered for energy using 
embedded collection pipes leading to gas engines. Materials 
recovery is less developed generally but has scope for future 
improvement by way of pre-collection 'source-separation' of 
different types of waste; and/or post-collection waste sorting, 
both of which are slowly being implemented. Post-deposition, 
there is also the existing ad hoc labour-intensive scavenging and 
the more-organised option of future 'landfill mining' for recovery 
of valuable materials. 

When acceptable landfill site locations run out, or for various 
reasons (notably including transport distance and tax penalties) 
become too costly, then thermal treatment of waste can become 



financially more attractive. This offers major reductions in mass 
and volume for eventual disposal of residual 'ash'. Under pressure 
from environmentalists, uncontrolled burning of waste evolves 
to centralised, enclosed mass-burn incineration plants and then 
to energy-from-waste (EfW) plants recovering energy as high 
pressure steam from the treatment process to be used for 
useful power and heat output.These plants have to be designed 
to meet very strict environmental emission regulations. Large 
mass-burn EfW plants are now common in Europe and North 
America. Economy of scale is seen as important, for technical 
efficiency but mainly for cost-effectiveness, so each plant tends 
to have a regional catchment area but can attract strong local 
opposition due to the extensive required waste transport and 
perceived plant environmental emissions. 

Advanced treatment options for waste could be the next step 
in this progression from landfill and mass-burn waste disposal 
options. These include: 

• Anaerobic digestion - a low temperature process, which is an 
enclosed and controlled version of what occurs in landfills. 

• Pyrolysis - heating of waste from an outside source in the 
absence of oxygen/air 

• Gasification - heating of waste in a restricted oxygen/air supply 
using the heat coming internally from partial combustion. 

All these advanced treatments result in a secondary fuel (referred 
to as 'biogas', 'pyrogas' or 'pyrolysis oil', or 'syngas' respectively) 
which can then be utilised in downstream equipment or 
separate systems. This article concentrates on the gasification 
of municipal waste. 
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Gasification as an improvement on mass-burn? 

Combustion of a solid fuel is a complex process. It is generally 
considered to consist of an initial 'pyrolysis' stage as the fuel is 
introduced to the hot environment of the furnace and volatile 
components are produced, followed by 'gasification' as the 
volatiles ignite, in the Primary Air supply, and provide combustion 
heat to increase the reaction temperatures, and finally 'burn-out' 
when the full air supply, as Secondary Air and maybe Tertiary 
Air is introduced. The fuel gas, and residual char produced in 
the gasification stage are combusted fully in the burn-out stage. 
Residence time, temperatures and oxidation conditions in this 
burn-out zone will determine how much Carbon Monoxide 
(CO) remains in the hot flue gases, and the unburned carbon 
content of bottom ash and fly ash. 

Municipal waste introduced into a mass-burn EfW plant usually 
has a significant moisture content (>30% by weight) so the 
above combustion steps have to be preceded by a 'drying' stage 
within the furnace during which water vapour is driven off by 
heat before the material temperature can be raised enough to 
produce combustible volatiles. 

At its simplest, gasification consists of the same combustion 
process as outlined above, but terminated before the 
introduction of Secondary (and Tertiary) AirThe resultant hot 
syngas then consists of a mixture mainly of CO, Hydrogen (H 2 ), 
Methane (CH 4 ), and Carbon Dioxide (C0 2 ) from the partial 
combustion, and nitrogen remaining from the combustion air 
which dilutes the combustible components and reduces the 
calorific value of the syngas. The syngas will also contain water 
vapour from combustion and also from the moisture content of 
the feedstockThis water vapour in controlled quantities, can be 
important as under gasification conditions it can react with some 
of the CO and Methane, which increases the Hydrogen and 
C0 2 proportions in the syngas through the following reactions: 

('Shift' reaction) 



CO + H 2 



«< »> H 2 + C0 2 



CH 4 + 2 H 2 «< »> 4 H 2 + C0 2 ('Steam reforming' 

reaction) 

(The <<< >>> symbol indicates that the reactions are 
reversible, depending on reaction conditions and reactant 
concentrations). 

In many currently offered waste gasification systems, this hot 
syngas is used immediately, by introducing the remaining required 
combustion air just downstream, and recovering heat (for high 
pressure steam) from the resultant hot flue gases. Staged- 
combustion is a standard method of NOx control in all types 
of combustion devices as it limits the maximum temperature 
reached by the process and hence can minimise thermal NOx 
emissions.These commercial waste gasification technologies just 
'stretch' this process further A disadvantage is that the syngas 
only exists very fleetingly perhaps in a short length of ducting, 
which can be a problem where for regulatory reasons it is 
required to prove the characteristics of the 'fuel'. As an example, 



in the UK where it is required to measure the calorific value of 
the syngas to establish whether the process qualifies for power 
price subsidies, one technology supplier inserted a part-height 
refractory 'wall' between the gasification and combustion areas 
of their furnace specifically to give an apparent separation and 
suitable syngas sampling point. 

Comparing just the overall combustion process between 
mass-burn EfW and these staged-combustion technologies 
marketed as 'gasification', it can be seen that the differences 
are extremely minor By closer control and restriction of the 
peak temperature reached, there can be a reduction in NOx 
emissions but other pollutants such as acid gases (notably HCI), 
particulate matter (dust), heavy metals, and dioxins/furans will 
require the same post-combustion capture equipment as for a 
mass-burn EfW plant. It is to be noted that there is an argument 
that the lower temperatures may minimise the volatilisation of 
some heavy metals so reducing their concentration in fly ash at 
the expense of increased content in bottom ash. In practice, it 
is usual in Europe and North America for all waste treatment 
facilities to have to meet the same strict emission limits, so the 
environmental impacts will be similar 

What should perhaps be regarded as true 'advanced' thermal 
treatment technology includes further processing of the syngas 
after production.This typically includes wet scrubbing to remove 
tars, alkaline treatment to capture acid gases (HCI and H 2 S), and 
particulate matter removal in some form of filterThe cleaned gas 
can then be used in conventional burners, without risk of rapid 
clogging and corrosion, or in gas engines or gas turbines. Engines 
and turbines require much stricter clean-up than do burners to 
avoid severe performance and maintenance problems. 

Pre-sorting of wastes - the necessary advantage 

Mass-burn EfW plants can and do take unprocessed municipal 
solid waste (MSW) as their normal feedstock. Large plants use 
heavy-duty, hydraulic, reciprocating grates made up of refractory 
elements which are able to resist abrasion and corrosion from 
the heterogeneous material which they are called upon to 
process. Their furnace walls and heat recovery surface in the 
boiler are designed to withstand the chemicals resulting from 
unprocessed waste, and the steam conditions are limited so as 
to minimise problems from corrosion and fouling. There is no 
technical reason to remove any components from the MSW 
before combustion. 

In some regions of the world, however moisture levels can be 
a barrier to combustion without use of expensive fossil fuel 
for support. Moisture of 30%-35% may be acceptable, but 
higher levels, associated with waste calorific values of 7 MJ/kg 
(LHV basis) or lower would not usually be self-sustaining on 
combustion without support. Large quantities of green waste 
material, especially prevalent in tropical regions, can result in 
very high moisture MSW as collected. In these cases, it would 
be generally necessary to put in place a means of keeping green 
wastes separate from the more conventional MSW. 



September 20 1 3 THE SINGAPORE ENGINEER 



29 



J POWER GENERATION 

Now that source-separation of some waste components for 
recycling is becoming more common, the composition of the 
waste stream is changing. The most successful separation is of 
(wet) garden waste and of metal cans (ferrous and non-ferrous) 
and of glass, both of which are non-combustibles. Some removal 
of cardboard and of certain easy-to-recycle plastic (mainly 
plastic bottles) is beginning to be practised - though always very 
dependent for cost-effectiveness on the existence of a market 
for the recyclates. Unlike green waste, metals and glass, removal 
of plastics and cardboard reduce the calorific value content of the 
waste, but so far with little effect on the incineration process for 
energy recovery. The waste collection services, under contract 
to supply to the mass-burn incinerators, have no incentive for 
more extensive recycling, both from lack of recyclate markets 
and from the prospect of curtailing the energy recovery and 
operation of the EfW plants. This may change in the future eg 
when more cost-effective recovery of all plastics for conversion 
to fuels becomes available. At that stage, the large centralised 
incinerators risk becoming stranded assets - subject always of 
course to the protection they will have built into their feedstock 
supply contracts. 

In contrast to mass-burn EfW, most gasification technologies use 
less-robust grates or other vessels and so need to be much 
more selective over their feedstock. Pre-processing of the raw 
MSW is needed to: 

• Give a more uniform particle size, achieved by 'shredding' 
of MSW. 

• Remove many of the inert components - glass, metals, stones 
- to avoid damage to the thermal treatment plant. 

• Dry the residual waste stream, to between 1 0% and 20% 
moisture typically to optimise the chemical reactions 
occurring and the composition and calorific value of the 
syngas produced. 

It is therefore very common for gasification plant proposals 
to include a pre-processing facility. Clearly this will add to the 
capital and operating costs, to the process complexity (scope 
for breakdowns), and to the auxiliary power requirements. On 
the plus side, however the pre-processing gives opportunities 
for recyclate removal, depending in individual cases on the 
markets available. 

Increased materials recovery from MSW is frequently put 
forward as an advantage of gasification plants over mass-burn 
EfW. In actual application, this is true, of necessity. Mass-burn 
EfW plants could in principle install similar pre-processing at the 
design stage, but do not do so as it is not required, and not 
cost-effective. 

Modular approach compatible with local solution 

A further advantage put forward for gasification over mass- 
burn EfW is its ability to provide a small-scale local solution 
for waste management, rather than large-catchment area plants 
out of scale with the local environment. At the current stage 




of development, gasification systems usually come in small 
modules - of around I to 5 MWe range. It is not yet clear 
whether it will ever be technically feasible to increase the scale 
to be comparable with mass-burn EfW (> 1 00 MW(th) on each 
furnace/boiler typically). Without such scale-up, there is much 
less economy-of-scale potential, so small gasification plants 
become as economical / uneconomical as large ones. 

Once the initial hurdle, of selecting gasification before mass- 
burn, has been overcome, there is therefore little reason to 
aim for large, centralised facilities. Small, local solutions have 
the major additional advantages of not requiring long-distance 
waste transport (with associated environmental disturbance, 
and emissions) and of being able to foster a philosophy of waste 
processed in the same area that it is produced - with much 
greater chance therefore of local public acceptance. 

Costs for gasification projects are high, and less likely to be 
viable, at the present stage of development. If and when market 
breakthrough can be achieved however there should be scope 
for cost reduction associated with multiple production of small, 
standard modules. 

Commercial Systems and Performance 

(a) Staged combustion gosifiers 

There are a growing number of potential suppliers for this 
type of technology. They are currently concentrated in North 
America and Western Europe but there has been a recent 
proposal for a project in the Philippines. Commercial systems 
that can be used as Reference Plants are thinner on the 
ground but there is no real doubt that the process can operate 
successfully given careful design. Systems can be continuous or 
batch in operation, with the latter set up in multiple sub-modules 
that operate out of phase with each other so approximating to 
a constant syngas supply to combustor/steam turbine power 
generation equipment. Module sizes are usually in the range I to 
6 tonnes/hr of waste input. Partly due to the small module size, 
the steam conditions chosen for the power generation cycle 
are often quite low (in some cases ~30 bar 330°C), due to the 
availability of standard steam turbines, and this leads to a low 
cycle efficiency. Combined with the high auxiliary loads (~ 15%), 
systems seen by Mott MacDonald have an overall net power 
efficiency of ~ I 6%. In the UK, accreditation for power price 
subsidy under the Renewable Obligation Certificates (ROC) 
system requires measurement of the syngas calorific value, which 
has to be >2 MJ/m 3 to receive I ROC/MWh and >4 MJ/m 3 to 
receive 2 ROC/MWh. To date, few projects have succeeded in 
overcoming the hurdles to qualification and the first to do so 
has since suffered problems over emission breaches and waste 
supply. A different UK gasification project technology has faced 
difficulties in development, leading the company involved to 
cease trading and it is believed that their 'reference plant' also 
has issues over emissions. 

Large mass-burn incinerators usually achieve >2S% net electrical 
efficiency, so the staged combustion gasification systems would 
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be much less efficient, except perhaps in very small sizes where 
the mass-burn technology is not competitive. 

(b) Advanced process gosifiers 

For processes which aim to use the syngas in downstream 
engines or gas turbines, a key area is the performance and 
reliability of the syngas cleaning equipment Specifically, biomass 
gasification down-draught systems are available commercially, 
with unit sizes around 500 kWe to I MWe equivalent but have a 
long and chequered history of development to reach this stage. 
With sufficient front-end waste processing, the 'refuse-derived 
fuel' (RDF) that feeds to the gasifier in a municipal waste project 
can be effectively almost pure 'biomass', so the experience 
gained in the biomass sector is of direct relevance. Mostly, 
however suppliers of advanced gasification equipment are still 
concentrating on perfecting the biomass-fed systems, and few 
have ventured to offer commercial systems for municipal waste- 
derived feedstocks. This will change if the market demands more 
efficient systems than can be offered by the staged-combustion 
designs. 

One feature of syngas is its very low heat content 
(typically ~5 MJ/Nm 3 ). Compared to natural gas with 35.7 
MJ/Nm 3 LHV, it is impractical to provide more than minimal 
storage forthe syngas. A small buffer store of up to a few minutes 
is usually included to smooth out any sudden variations in syngas 
quality and quantity but power cycle operation requires reliable 
operation of the gasifiers and the clean-up system. 

Syngas also has a high Hydrogen content, in the range 20% 
to 40% by volume, which can require modifications to the 
combustion, control and safety equipment on gas engines. 
Nevertheless, most gas engine suppliers, especially those 
experienced with using landfill gas, seem happy to supply and 
guarantee performance on syngas in the expected range of 
properties. Gas engine capacities available commercially are 
limited to around 2 MWe maximum, which is another factor in 
the modular approach to waste gasification systems. 

Large gasifiers, for biomass, have also been developed based on 
Circulating Fluidised Bed technology. These are expected to be 
available in the range 50 MWe to 1 00 MWe.They may, however 
be too large in capacity for most municipal waste projects (due 
to catchment area limits on waste collection) and currently 
would require very stringent waste pre-sorting and preparation 
to avoid potential problems with ash removal blockages (due 
to feedstock dimensions) and ash fusion from heterogeneous 
feedstock components. 

(c) Plasma gasification 

Plasma gasification should also be mentioned but with a note 
to be careful over definition. While all use an electrically-heated 
plasma arc, different technology developers utilise this for heating 
of the waste, of the syngas, or just of the bottom ash, and do so 
to different temperature levels, so comparing the technologies 
with this label can be challenging. Advantages are the production 
of an inert glassy ash, for disposal or bulk use, and the complete 



thermal dissociation of tars and other organic molecules from 
the feedstock. Disadvantages, especially for those aiming to heat 
all the waste to very high temperature, would appear to include 
electrical auxiliary load levels and capital costs. While the plasma 
torches themselves are 'proven', eg on ash melting duties in 
Japan, all are still waiting for a convincing demonstration of the 
long-term commercial viability of the technology. 

For all these advanced technology options, approximate figures 
for overall efficiency might assume 85% gasification efficiency 
(Cold Gas Efficiency: feedstock energy content to cold, cleaned 
syngas energy content), 35% to 40% gas engine efficiency, and 
1 0% to 1 5% auxiliary loads (subject to actual figures, in the case 
of plasma gasification). This would lead to a range of efficiencies 
from 25% to 31%, which would be a marked improvement, 
especially over competing mass-burn incinerators at small local 
project capacities. 

Bankability 

A common definition of a 'bankable' project is a 'project or 
proposal that has sufficient collateral, future cashflow, and high 
probability of success, to be acceptable to institutional lenders 
for financing'. 

Mott MacDonald has undertaken technical due diligence 
services on behalf of many international lenders to provide 
support in assessing the technical and commercial bankability 
of power projects. Typical aspects of projects reviewed by Mott 
MacDonald and the questions that are addressed within the 
assessments include: 

• Project participants, ie are they credible? 

• Project site, ie is it suitable forthe development? 

• Project design, ie will the project work as intended? 

• Contractual arrangements, ie is the project contractually 
robust? 

• O&M strategy, ie will the plant be operated correctly? 

• Project agreements, ie have all the necessary agreements 
been secured and are they reasonable? 

• Environmental & Planning, ie is there any environmental or 
planning risks with the project? 

• Financial Model, ie is the financial model a credible 
representation of the project over the project lifetime? 

The current area of weakness for EfW gasification projects 
relates to demonstrating to the lenders that the design and 
technology is proven. Project finance principles are based 
around the lenders' risk being minimised. A first-of-a-kind or 
new technology typically relies on equity funding to progress. 
Once the successful operation of the technology has been 
demonstrated or 'proven', then project finance is the usual 
route for further projects to be financed. There is no standard 
definition of 'proven' in this context so one of the challenges for 
gasification technology providers is to know what data needs 
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Sembcorp expands energy-from- 
waste capacity in Singapore 

Sembcorp Industries (Sembcorp) has announced that 
it will be increasing its green energy generation capacity 
with its largest energy-from-waste plant in Singapore to- 
date.The company will invest over S$ 250 million to 
build, own and operate a facility capable of producing 
140 tonnes per hour of steam, using industrial and 
commercial waste collected by Sembcorp's solid waste 
management operations. The development of this plant 
is in line with the company's drive to offer the best 
and most competitive solutions to its customers, while 
helping them reduce their carbon footprint. 

To be located in the Sakra area ofjurong Island, the new 
facility will consist of two boilers capable of producing 
a combined 140 tonnes per hour of high-pressure 
process steam. To be completed in early 20 1 6, the 
facility will offer an economical, environment-friendly 
source of steam to serve the needs of petrochemical 
manufacturers in the vicinity. 

The plant will offer a significant reduction in greenhouse 
gas emissions compared with a coal-fired steam plant, 
cutting carbon dioxide emissions by around 50%. The 
plant will be fuelled by around 1 ,000 tonnes of industrial 
and commercial waste per day, which is roughly 14% 
of the total tonnage of waste bound for incineration in 
Singapore every day. The facility strengthens synergies 
between Sembcorp's energy business and its solid waste 
management operations, through the conversion of 
waste (which would otherwise be sent for disposal), into 
energy in the form of steam for Sembcorp's customers. 

This facility is Sembcorp's second energy-from-waste 
project in Singapore where the company already owns 
and operates a steam boiler running on woodchips 
recovered from construction and demolition waste. 
With the completion of this latest facility fuelled by 
industrial and commercial waste, as well as an expansion 
of the woodchip boiler Sembcorp will have grown its 
energy-from-waste capabilities in Singapore ten-fold in 
five years, to 200 tonnes per hour and met its target 
of fulfilling one-third of its existing customers' steam 
demand using alternative fuel. 

In addition to its energy-from-waste plants in Singapore, 
Sembcorp's international renewable energy portfolio also 
includes energy-from-waste, biomass and wind power 
facilities in the UK and China. In Teesside in the UK, it 
owns and operates a 35 MW wood-fuelled biomass 
power station, and recently announced the development 
of a new energy-from-waste facility capable of generating 
49 MW of gross power or 1 90 tonnes per hour of steam 
using municipal and commercial waste. In China, it has 
wind power assets with a combined capacity of 248 MW 
in Inner Mongolia and Hebei. Put together Sembcorp's 
renewable energy assets comprise around 5% of its global 
portfolio of power and steam assets. 



J POWER GENERATION 

to be produced to demonstrate proven-ness. As a guideline, 
Mott MacDonald would expect to see around two to three 
years of successful operating data at a similar scale and on a 
similar feedstock to conclude that the technology is suitably 
de-risked for project finance. However as no two projects are 
the same, there may be other specific circumstances such as 
parent company guarantees, increased liquidated damages for 
performance guarantees or higher equity investment in the 
project, which ultimately give the lenders the comfort they need. 
In such circumstances, the amount of supporting operating data 
required may be less. 

Conclusion 

Deriving energy from waste as part of a waste management 
solution is becoming an increasingly important topic in modern 
society. Mass-burn is an established technology but has relatively 
low efficiency, offers poor resource recovery and causes large 
environmental disruption for transport of waste. Gasification 
technologies offer a potentially cleaner and more efficient 
technology option which is currently being developed at a smaller 
scale. Gasification technology development is proceeding but 
technology providers face the challenge of demonstrating that 
their technology can work reliably and is 'proven' so that lenders 
can gain sufficient comfort that the project will provide the 
revenue streams predicted and that the developer will be able 
to pay back the loan. Mott MacDonald considers that technology 
providers should aim to provide two to three years of data 
demonstrating successful operation at a similar scale and using 
a similar feedstock to a proposed project if the technology is to 
be considered sufficiently proven. However different projects 
(and lenders) have different requirements so alternatives such 
as parent company guarantees, increased liquidated damages 
for performance guarantees or higher equity investment in the 
project should be investigated to give the lenders the comfort 
they need. In such circumstances, the amount of supporting 
operating data required may be reduced, and so may enable 
a bridge to be established between the current developmental 
status of the technologies in general and their future commercial 
acceptance as proven waste management options (subject to 
appropriateness for any given circumstance and location). 

(This article is based on a paper authored by Duncan J Barker, Mott 
MacDonald, Thailand, and Pete D Lilley, Mott MacDonald, UK, and 
presented at POWER-CEN Asia 20 1 2. 

POWER-GEN Asia 2012 and Renewable Energy World Asia 2012 
were held at IMPACT Arena, Exhibition and Convention Center, 
Bangkok, Thailand from 3 to 5 October 2012. 

POWER-CEN Asia is the region's premier conference and exhibition 
for the power generation and transmission and distribution industries. 

Renewable Energy World Asia is dedicated to the rapidly developing 
renewable and sustainable energy sector. 

Both events are organised by PennWell Corporation). 
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J PRODUCTS & SOLUTIONS 



Washing and drying hands at the sink 



The Dyson Airblade Tap hand dryer washes and dries hands 
without the person having to move away from the sink. 

Infrared sensors pinpoint hand positions and release water 
from the tap stem. Once hands are wet and drying is requested, 
integrated circuitry computes the information and activates the 
latest Dyson digital motor Using Airblade technology the Dyson 
AirbladeTap hand dryer sends two sheets of 430 mph unheated 
filtered air towards hands, via the branches of the tap, literally 
scraping water away from hands and into the sink. Hands are 
dry in 1 2 seconds. 

The Dyson Airblade Tap hand dryer is powered by the Dyson 
digital motor V4 - a power dense brushless DC motor utilising 
a bonded magnet encased in a carbon fibre sleeve. It is one of 
the world's smallest and fully integrated 1 600 W motors. Using 
digital pulse technology, it accelerates from to 90,000 rpm in 
less than 0.7 seconds. Dyson digital motors are built in Dyson's 
high-tech £ 20 million motor factory in Singapore. In its lifetime, 
the digital motor inside a Dyson Airblade hand dryer can move 
around 1 62,000 m 3 of air 

Main components 

The Dyson Airblade hand dryer passes washroom air through 
a HEPA filter to remove 99.9% of bacteria before it is blown 
onto hands. 

Key components, including the motor are housed in a discrete 
package under the sink. Dyson engineers spent over 2,240 
hours designing the motor bucket, and worked hard to contain 
noise - introducing springs to reduce vibration, acoustic foams to 
absorb noise and expansion chambers to improve sound quality. 

Six Dyson-designed Helmholtz silencers combine to absorb 
tonal frequencies and reduce the motor tone. The first 
harmonic of the motor tone, plus the high pitch noise made by 
the impeller have all been contained and made almost inaudible 
to the human ear 

Independent infrared sensors allow users to have as much water 
and air as they want, according to need. An aerator mixes the 
water and air and dispenses water across hands to reduce the 
volume of water used and the flow rate of water is controlled 
by motion detection. 

The Dyson AirbladeTap hand dryer is made from 304 stainless 
steel - an anti-corrosion steel used for the construction of boats. 
Dyson engineers used specialised laser welding technology to 
weld the tough steel accurate to 0.08 mm, using temperatures 
as high as 1400° C.The laser precision means that there are 
almost no joining lines - air water and electrics are contained in 
a smooth package at the sink. 



Research & development 

Dyson's new Airblade hand dryers are the result of nearly three 
years' intensive R&D by a team of 1 25 Dyson engineers and an 
investment of € 40 million. 

The Dyson Airblade Tap hand dryer was subjected to 
atmospheric testing and was exposed to I 6 bar pressure. Dyson 
engineers created over 3300 prototypes for the new Airblade 
hand dryers and every component was subjected to hundreds 
of tests.They simulated washing hands 2 1 3 million times. 

There are 110 patents and patents pending on Dyson Airblade 
hand dryers using Airblade technology, and the Dyson digital 
motorV4 has another 100 patents and patents pending. 

Availability 

The Dyson AirbladeTap hand dryer comes in three varieties, for 
different washroom configurations, with either a long or short 
stem, to be wall-mounted or installed on counter-tops. 

The machine is guaranteed to last for five years. 



Enquiry No: 09/00 1 




The Dyson Airblade Tap hand dryer washes hands by releasing water through 
the stem and dries them by sending unheated, filtered air at high velocity 

through the two branches. 
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BIOMEDICAL ENGINEERING 




What goes into making a medical device? 

By Dr Ho Teck Tuak, Director, NNALE INT'L, a^ond<zMe medical devices 



Dental implants, gynaecological needles, heart implants, hip 
implants, intra ocular lenses, MRJ coils, orthopaedic implants, 
radiographic patterns, spine implants, x-ray film holders, are 
examples of medical devices. 

A medical device is defined in the Singapore Health Products 
Act as any instrument, apparatus, implement, machine, appliance, 
implant, in vitro reagent or calibrator software, material or other 
similar or related article that is intended by its manufacturer 
to be used, whether alone or in combination, for humans for 
one or more of the specific purposes of diagnosis, prevention, 
monitoring, treatment or alleviation of any disease; diagnosis, 
monitoring, treatment, alleviation of or compensation for an 
injury; investigation, replacement, modification, or support of the 
anatomy or of a physiological process; supporting or sustaining 
life; control of conception; disinfection of medical devices; 
or providing information for medical or diagnostic purposes 
by means of in vitro examination of specimens derived from 
the human body, and which does not achieve its primary 
intended action in or on the human body by pharmacological, 
immunological or metabolic means, but which may be assisted 
in its intended function by such means. 

Different jurisdictions will each have their own legal definitions. 
Medical devices entering new markets have to be licensed by 
the respective authorities for the devices to be sold in those 
markets. In Singapore, Medical Devices licensing and registration 
are under the purview of the Health Sciences Authority 
(HSA). HSA also recognises pre-regi strati ons from five other 
jurisdictions: European Union (EU), United States Food and Drugs 
Administration (FDA), Health Canada, Australian Therapeutic 
Goods Administration (TGA), and Japan Pharmaceutical and 
Medical Devices Agency (PMDA). If a device is licensed to be 
sold in those recognised jurisdictions, HSA will typically perform 
an abridged evaluation for the device to be sold in Singapore. 

A medical device would have gone through an extended period, 
usually years, of research, testing, and clinical trials before it 
reaches the market. What actually goes on in the inventing of 
a medical device? 

Inventions are usually inspired from the following conditions: 
when in search of solutions for existing problems, from ideas 
mooted by surgeons, from a passionate interest in a topic, or 
from another project. 

One of the first steps is to classify the device to be invented. 
This classification is solely for the concerns of patient safety. 
The higher the risk class, the more regulatory scrutiny there 
is before the device is placed on the market. Every regulatory 
authority has its own classification system and description. Usually, 
if an authority deems a device of a particular risk class, it is most 
likely to be of about the same class in the other authorities. 



In Singapore, medical devices 
are essentially classified under 
five categories: Exempted, 
and Class A, B, C, and D. 
Exempted implies the device 
is exempted from registration, 
but it does not imply that 
HSA has no interest in them. 
Class A devices are typically of 
lower risk, such as a tongue 
depressor; while Class D 
devices are of the highest risk, 
such as implantable defibrillators. 




Dr Ho Teck Tuak 



Devices evolve through the design process as it is being 
developed and refined. This process is essential as it is not only 
required by regulation, but ultimately reflects on the quality of 
work of the company developing the device, as the company 
needs to convince users to trust its product. The design 
process typically includes: Define, Measure, Analyse, Improve, 
and Control. One of such techniques is the Six Sigma, originally 
developed by Motorola in 1985. This process needs to be 
managed to have an effective and quality design output. 

The design and implementation processes must be properly 
documented. The procedures are guided under the Standards 
Guidelines ISO 13485, and include the ISO 9000 family. The 
documentation of the implementation process is usually in the 
form of a flow chart showing input to output and how the 
other company's processes fit into the larger framework. The 
ISO I 3485 is Quality Management for Medical Devices and also 
provides guidelines for Internal Auditing for Medical Devices. 

The most important part of the design is what the device is 
designed to do, or the Product Design Specification (PDS). 
Often this is the hardest to define. But it is the single most 
important aspect of the design which differentiates its output 
from that of its competitor Usually researchers can get 
overwhelmed by data that their designs are capable of doing, 
which could be almost everything that the competitors can 
do and are therefore not unique. A PDS for a device consists 
of Scope (the output requirements), Performance (how the 
product executes), Manufacturing (how the product is made), 
Verification and Validation (does the product meet its needs), 
and Disposal (is the product environmentally friendly at disposal). 

The next part of the design is the detailed design and product 
realisation. The steps in this process usually include: sub-projects 
and timescales, assemble specialists for sub-projects, overall plan 
for all sub-projects and timescales, delivery of sub-projects, and 
delivery of overall projects that is the product realisation. 

The phase I sub-project research teams include: Product 
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Design Specification, Materials, CAD and Analysis, Regulatory 
and Standards Rules, Prototyping, Biocompatibility and 
Sterilisation, and External Consultancy The phase II sub-project 
research teams include: Evaluation (Verification and Validation), 
Laboratory Biosafety, Biomedical Ethics, Animal Studies, Clinical 
Trials, Business Management, Manufacturing, and Regulation. 
Some research works do not require every sub-project teams 
listed as it depends on the risk class of the device. Some 
sub-project research teams can be combined or outsourced. 

The design teams for medical devices will invariably include a 
team for analysis and testing. The programs most certainly to 
be used are the Computer Aided Design (CAD) and the Finite 
Element Method (FEM). The FEM computer program which 
is commercially available will save time, cost and effort when 
comparing with doing all experimental studies. Experimental 
studies are still necessary to verify the computer simulations. 
The US FDA has come to recognise that the Finite Element 
Method is capable of providing analysis results close to the actual 
performance. This technology is one of the most important 
tools to be developed in the 20 th century as it allows designs of 
complex devices to be assembled virtually and analysed, before 
building the prototype. This will reduce the cost and time it takes 
for the design of devices to progress from concepts to products 
realisation, and reduces the overall tasks for development of 
medical devices. 

Increasingly, the design process includes inputs for environmental 
sustainability. For example, considerations must be taken to 
ensure that a radioactive pacemaker be designed such that it 
does not cause harm to the environment when disposed of. 

When the design has reached the verification and validation 
stage, it is a sign that the device is a workable prototype product. 
It is the best part of the whole design efforts thus far There 
is a difference between verification and validation. At the 
verification stage, the device is tested to check if it can do what 
it is designed for while at the validation stage, the device is 
tested to see if it meets clinical requirements.The evaluation also 
includes in vitro or in vivo tests. The objective of evaluations is 
to ensure device efficacy and patient safety. It is a mandatory 
requirement for regulatory assessment under the submission 
for Declaration of Conformity. Devices of higher risk classes 
would most likely involve more different types of tests. Risk or 
hazards analysis is carried out on the device design to access, 
for example, if the device is for single use or reuse, the number 
of reuses, shelf-life, and the method of device sterilisation. A 
patent on the design will have been filed to protect the invention. 

The next stage is to conduct preclinical studies. Animal trials 
are first done to validate the design. Before the animal trials are 
conducted, the study has to be approved by the Animal Ethics 
Committee. Depending on the device size and type, the most 
common animals for such studies are: rodents, porcine, non- 
human primates, and canines. 

The next stage of the validation is clinical trials. Before clinical 



trials, the study has to be approved by the Biomedical Ethics 
Committee, commonly known as the Institutional Review Board 
(IRB). A clinical trials management team has to be in place. 
Patients are recruited and the process for taking Informed 
Consent has to be carefully executed. If the trials results are 
supported by a large number of trials subjects, it increases the 
reliability and quality of the results. There are different study 
types to choose for the trials: Open Study, Blind Study, and 
Double Blind Study. In an open study one is only evaluating 
one device. In a Blind Study, the trials subjects are split into two 
groups, one group is treated using the device, and the other 
group is treated using normal practices and is also called the 
control group. In a Double Blind Study, nobody and not even the 
investigator knows who is in which group. If results for the trials 
show that the device is likely to bring benefits to most subjects, 
it is likely to be accepted as having passed the evaluation. 

The device is now ready for manufacturing, and is usually 
prepared for submission for licensing approval from the National 
Regulatory Authority. In Singapore, the Regulatory Authority for 
Medical Devices is the Health Sciences Authority. 

The device has to be packaged and labelled and there are 
regulatory guidelines that spell out how labelling should 
be done. Labelling is very important for medical devices as 
wrongful labelling is a cause liable for selling mislabelled products 
and misleading advertisements, and has potentially serious 
consequences for the users. 

The product is now ready for the market. Distributors are 
tapped on to introduce the device to the markets. Depending 
on the risks class, importers and distributors may need to have 
their storage facility and business audited to comply with the 
Good Distribution Practice for Medical Devices in Singapore 
(GDPMDS). The details of the device that importers and 
distributors need to know and to comply with are: classification 
of the device, Standards for the facility, procedural requirements 
for business, sterilisation requirements, and transportation 
requirements. 

During the life-cycle of a medical device in the market, the 
device is subjected to Post-Market Surveillance. During Post- 
Market Surveillance, the organisation monitors the product for 
complaints, adverse reactions and life threatening occurrences 
and collects data to revise the product design. This is part of 
the requirements for regulatory licensing. Some devices that are 
found at this stage to cause adverse effects and reactions to 
large numbers of users may be withdrawn from the market. 

If an invention succeeds this journey from inception to market, 
which may take years to decades to complete, the monetary 
rewards and satisfaction that the inventor receives from knowing 
that his product saves lives or helps to improve the quality of 
lives, would most likely have been unthinkable to the inventor 
when he started on his invention as it may far exceed what he 
had hoped to gain when he started on the journey. 
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The cost of health care and evaluation of new 
technologies ) 

By Dr Laurent Metz MD, MBA, Senior Director, Health Economics & Market 
Access, MD&D Asia Pacific, Johnson & Johnson Medical 



In Western economies, 
health care expenditures 
increased significantly from the 
beginning of the 70s until the 
mid-70s. At this time, health 
care expenditures represented 
around 7% of the Gross 
Domestic Product (GDP). In 
the mid-70s, cost containment 
measures were put in place 
and health care expenditures 
increased by less than \% 
point of GDR but started to 
increase again in the 90s. At the end of the 90s, health care 
expenditures were around I 3% of the GDP in the US (today, 
it is almost I 8%), 9% in the European Union, and 7.5% in Japan. 
The level of health care expenditures has been significantly lower 
in the emerging economies. Emerging economies allocated half 
as much of their spending to health as they did to education 
during the 1 987 to 2007 period (Arze del Granado, Gupta, and 
Hajdenberg, 2010). In advanced economies, the shares have 
been approximately equal during the same period. In 20 1 0, total 
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health care expenditures represented around 5% of the GDP in 
the emerging economies (Table I). 

Singapore has achieved extraordinary results in terms of its 
health care system. Among the high income countries, it has 
the lowest health care expenditure as a percentage of its GDP 
(3/6 to 4%). In terms of health care outcomes, Singapore is 
ranked number six in the world. 

The rising costs of health care have put significant pressures on 
health care resources. In most countries, concerns about health 
care financing are at the top of government agendas. 

Factors identified as contributors to increasing health care 
expenditures include ageing population, new technologies and 
rising incomes. 

In the past 50 years, the number of new medical devices and 
drugs has increased dramatically. Value for money is now the 
central concern of policymakers who want to understand the 
impact of new technologies in terms of patient outcomes and 
costs. Health economic evaluations have become a key method 
to help decision makers determine the optimal, efficient 
allocation of resources. 



Asia Pac Indicators 





GDP per capita Health Care Ex P 

(Current USD) %GDP 


Life Expectancy 


Infant mortality 

(per 1,000 live births) 


Australia 


60,979 8.7% 


81.9 


4.6 


Singapore 


46,241^ 4.0% 


83.7 


2.7 


Hong Kong 


35,156 5.2% (FHB200S) 


82.1 


2.9 


Taiwan 


37,700|cia 20io) 5.8% (imf 2010) 


78.4 


4.6 


Japan 


45,903 9.5% 


83.9 


2.2 


Korea 


22,424 


6.9% 


79.3 


4.1 


China 


5,445 


4.6% 


74.8 


15.6 


Indonesia 


3,495 


5.1% 


71.6 


27.0 


India 


1,489 4.1% 


67.1 


46.1 


UK 


39,038 9.6% 


80.2 


4.6 


France 


42,377j 11.9% 


81.5 


3.4 


USA 


48,112 17.9% 


78.5 


6.0 


Brazil 


12,594 9.0% 


72.8 


20.5 



World Bank 2011 World Bank 2010 (CIA fact book 2011 est.) (CIA fact book 2011 est.) 



Table I: Country profiles. 
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Definition of Health Economics 1 : Health economics can be 
defined as the application of the theories, tools and concepts 
of economics to the topics of health and health care. Since 
economics as a science is concerned with the allocation of 
scarce resources, health economics is concerned with the issues 
relating to the allocation of scare resources to improve health. 
This includes both resource allocation within the economy to 
the health care system, and within the health care system to 
different activities and individuals. 

As illustrated in Fig. I 1 , health economic evaluation is a choice 
between alternatives. An incremental analysis is performed to 
compare the differences in costs with the differences in outcomes. 

f \ 

Outcome A 





Health Program A 



Outcome 8 



Health Program B 



[ Cost (B) - Cos: (A) | 



[ Effect { B) - Effect (A) | 



Difference in Costs 



Difference in Effects 



Where B is more effective and more expensive than A, 

(If 8 is more effective and less expensive than A r it dominates A and the 
cost -effectiveness ratio is not calculated). 



Figure I : Incremental cost-effectiveness ratio 

The different types of economic evaluations: 

The different types of economic evaluations are distinguished by 

the way outcomes are evaluated. 

Cost Minimisation Analysis (CMA) 

Cost Effectiveness Analysis (CEA) 

Cost-Utility Analysis (CUA) 

Cost-Benefit Analysis (CBA) 

• Cost Minimisation Analysis (CMA) 

When health programmes have the same outcome, the 
analysis can be limited to costs only. 

• Cost Effectiveness Analysis (CEA) 

In CEA, both costs and consequences of health care 
interventions are considered. 

• Cost-Utility Analysis (CUA) 

In CUA, the outcome measured incorporates both quality 
and duration of life. Several outcome measures have been used 
to measure the quality of life, such as health year equivalent, 
disability-adjusted life year (DALY) and quality-adjusted life 
year (QALY). QALY is the most common outcome used 
today. DALY has been used by the World Bank and by the 
World Health Organization. 



CUA estimates the cost per QALY gained. There are 
two advantages in using CUA studies. First, the outcome 
incorporates both quality and quantity of life. Second, because 
of the common denominator various treatments in different 
disease areas with diverse clinical outcomes can be compared. 

• Cost-Benefit Analysis (CBA) 

In CBA, both costs and outcomes are measured in monetary 
terms. CBA allows comparisons of alternatives in health care 
programmes and also in non-health care sectors. 

Health Technology Assessment 

To inform decision makers about the value of new and existing 
technologies, an evaluation process has been developed called 
health technology assessment (HTA). HTA has been defined as 
'a multidisciplinary field of policy analysis, studying the medical, 
economic, social and ethical implications of development, 
diffusion and use of health technology' 2 . HTA answers the 
question 'is the technology worth it?' 

HTA is well implemented in Westerns countries. A lot of public 
and private organisations perform HTA. In most countries, the 
organisations performing HTA are public entities. These agencies 
develop HTA reports that are used by health decision makers 
to allocate resources among different health care interventions. 
Some examples of HTA agencies are Canadian Agency for Drugs 
and Technologies in Health, created in 1 990; Swedish Council for 
Health Technology Assessment founded in 1 987; and National 
Institute for Health and Care Excellence created in the United 
Kingdom in 1999. In the United States, where private insurance 
is common, private organisations also undertake HTA 3 . In Asia, 
formal HTA is implemented to a lesser extent, but the situation 
is changing rapidly. Australia was one of the first countries to 
establish formal HTA programmes in the 80s. Several countries 
have followed the trend: Malaysia, Singapore, New Zealand 
and China (including Hong Kong). Thailand and Taiwan have 
established HTA capabilities more recently. 

With significant increases in health care costs in developed and 
developing economies, allocation of health care resources to 
maximise patient outcomes is now the central concern of most 
governments. In the coming years in Asia Pacific formal HTA 
activities will be more common to help decision makers with 
resources allocation in health care. 
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POWER-GEN Asia 2013 and Renewable Energy 
World Asia 2013 to be held in early October 




Last year's conference and exhibition attracted 7,000 delegates and visitors from 
over 60 countries. 

POWER-GEN Asia 20 1 3 and the co-located Renewable Energy 
World Asia 20 1 3, the region's premier conference and exhibition 
for all aspects of the power generation industry, will be hosted 
once again, in Bangkok,Thailand, from 2 to 4 October 20 1 3. 

Organised by PennWell Corporation, the 21 st event in the 
annual series will be held at the IMPACT Arena, Exhibition and 
Convention Center 

The conference programme includes presentations by over I 30 
international experts, across eight conference tracks, on topics 
focusing on strategic and technical power issues and challenges, 
as well as the continued growth of the renewable and alternative 
energy sectors. 

This year's Opening Keynote Session on 2 October will feature 
high profile speakers, including Mr Soonchai Kumnoonsate, 
Governor Electricity Generating Authority ofThailand, Thailand; 
Dr Twarath Sutabutr Deputy Director-General, Department 
of Alternative Energy Development and Efficiency, Thailand; 
Dr Piyasvasti Amranand, Chairman, Energy for Environment 
Foundation, Thailand; and Mr Markus Lorenzini, Head of Energy 
Sector ASEAN-Pacific Cluster Siemens, Indonesia. 

On 3 October the Plenary Panel Discussion will take place, 
on the topic Asian Power - 2020 Vision'. This panel discussion 
will bring together a group of experienced power industry 
professionals from a variety of disciplines, who will share their 
views on how the electricity sector will meet the challenges 
ahead and what the industry will look like in 2020. It will be 
chaired by Mark Hutchinson, Managing Director IHS Consulting 
- Energy & Natural Resources, Singapore. The Plenary Panelists 
include Miss Yerim Park, Programme Officer South East Asia, 
International Energy Agency (IEA), France; Robert McGregor 
Managing Director Resources & Energy Group, HSBC, Hong 
Kong; Colin Tarn, Executive Chairman, Crystal Vision Energy Ltd, 
Hong Kong; Michael Thomas, Partner The Lantau Group (HK) 
Limited, Hong Kong; and Wouter van Wersch, President, Alstom 
Singapore and Senior Vice President Sales & Marketing Asia 
Pacific, Alstom Power 

POWER-GEN Asia 20 1 3 will also include, for the first time, an 
Industrial Water Day, as part of its conference programme. It 
will be held on 3 October and will feature discussions on the 
latest industrial water treatments and usage as well as the latest 
technologies and innovations within this industry. 



Advancing Asia's energy future 

POWER-GEN Asia and Renewable Energy World Asia provide 
a platform for the power industry to meet, share information on 
the challenges facing the power industry and discuss solutions for 
advancing Asia's energy future. In 20 1 2, the regional conference 
and exhibition attracted 7,000 delegates and visitors from over 
60 countries. 

The POWER-GEN Asia 2013 and Renewable Energy World 
Asia 20 1 3 conference is a key forum for senior executives, 
industry leaders and senior engineers to discuss a range of 
important issues, under the 20 1 3 conference theme Advancing 
Asia's Energy Future', and find solutions, in order to meet the 
challenge of the growing demand for electricity in the region. 

The exhibition floor will feature the latest technologies, products 
and solutions from 200 companies. 

More information can be obtained from www.powergenasia.com 
and www.renewableenergyworld-asia.com 



The Singapore Engineer 

Products & Solutions Enquiry Form 



Product Information 

I wish to receive more information on the following 
products that were featured in this issue of The Singapore 
Engineer' magazine. 

Please list the enquiry number(s) of the product(s) that 
you are interested in. (Information is provided free-of- 
charge to all readers) 



Full Name: (Dr/Mr/Mrs/Ms/Er) . 
Designation (job title): 



IES Membership no. (if applicable):. 

Name of Organisation: 

Address: 



State/City: . 
Country: _ 
Tel: 



. Postal Code: . 



Fax: 



Email: 



Activity of Organisation:. 



Please complete the enquiry form and fax to 6467 I 108 or 
email Jeremy@iesnet.org.sg. 



(OAS' 

I 
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Mayekawa Manufacturing Company selects 
Intergraph CADWorx Plant Professional 




Mayekawa Manufacturing Company (Mayekawa), a leading 
Japanese manufacturer of industrial refrigeration compressors, 
has selected Intergraph CADWorx Plant Professional for 
3D piping design work for its refrigeration packages and gas 
compressor units.The company has expanded the introduction 
of CADWorx worldwide to ensure consistency of design and 
better meet the needs of global projects. 

Mayekawa's previous 3D engineering design system had 
limitations in operability and processing speed, which was slowing 
the company's production.To support its growing workload and 
international business, the manufacturer selected CADWorx as 
the replacement at its Japanese headquarters. 



boosting productivity of projects. This is an important and 
strategic win for Intergraph, and will strengthen the growth of 
CADWorx in Japan and the Asia-Pacific region". 

The CADWorx Plant Design Suite is an integrated, complete 
AutoCAD-based software series for plant design that provides 
intelligent drawing and database connectivity, advanced levels 
of automation and easy-to-use drafting and design tools. The 
comprehensive suite of design tools includes piping, structural 
steel, equipment, process and instrument diagrams and design 
review, plus automatic isometrics and bills of material. CADWorx 
has a beneficial impact on the plant design industry with its ease 
of use, flexibility, inter-connectivity and scalability. 



CADWorx is a user-friendly 
software that is quick and easy 
to set up, and is compatible 
with AutoCAD and Intergraph 
CAESAR II data. Another key 
benefit was the availability of 
local Japanese language support. 
Mayekawa has now expanded 
the use of CADWorx to its 
overseas locations, including 
Korea, Europe, Brazil and 
the United States, with the 
company's designers using the 
Intergraph solution for pipe 
design and equipment drawings. 

According to Mayekawa, 
CADWorx has delivered a 
positive impact to its business, 
enabling the company to reduce 
the time to create and modify 3D 
models and pipe design drawings 
for manufacturing. Further the 
efficiencies that CADWorx 
has brought to Mayekawa's 
engineering processes allow it to 
create engineering deliverables 
quicker and more accurately 

Mr Gerhard Sallinger President, 
Intergraph Process, Power & 
Marine, said, "We are pleased 
that Mayekawa has chosen 
CADWorx as its global 
engineering design solution. The 
bi-directional links between 
CADWorx and CAESAR II will 
enable Mayekawa to improve 
design quality and accuracy of 
engineering deliverables, while 
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CADWorx features a user-friendly interface, making it easy to learn and use. 




A 3D model generated by CADWorx Plant Professional. 
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Continental breaks ground for its new 
research and development extension building 




At the groundbreaking ceremony are, from left, Her Excellency MsAngelikaViets, German Ambassador to Singapore; Mr Lim Kok Kiang, Executive Director, Singapore 
Economic Development Board; Mr Lo Kien Foh, Managing Director, Continental Automotive Singapore; and Mr Wong Fong Fui , Executive Chairman and Group CEO of 
Boustead Singapore Limited. 

strongly supports Continental's growth strategy in Asia", said 
Mr Lo Kien Foh, Managing Director Continental Automotive 
Singapore Pte Ltd. 

"We are pleased that Continental continues to expand its R&D 
capabilities in Singapore to drive innovation in in-car information 
management systems. Continental's expansion is testament to our 
talented science and engineering workforce paired with strong 
intellectual property protection laws, making Singapore an ideal 
hub for the design and development of automotive electronics", 
added Mr Lim Kok Kiang, Executive Directorjransport Engineering, 
Singapore Economic Development Board. 




An artist's impression of the new extension building. 

Continental, a leading international automotive supplier will 
invest in a new extension building to expand its R&D capabilities 
in Singapore. With a total capital investment of S$ 29.7 million 
(€17.5 million), the extension aims to meet the demand of 
growing engineering requirements in view of the worldwide 
business expansion and the growth in Asia. 

Continental is currently one of the best positioned automotive 
suppliers and industry partners. In Asia, the company operates 
1 7 R&D centres. Already in operation as a Continental subsidiary 
since 2007, Continental Automotive Singapore Pte Ltd is one of 
the company's three largest Asian R&D centres. 

"We want to grow stronger in Asia and can report that 
Continental has generated sales of some 6 billion Euros in Asia 
in 20 1 2. It is our strategic goal to increase the share of corporate 
sales on the Asian market from 1 8% at present to more than 
30% over time. The extension of our R&D centre in Singapore 



Continental has set itself an ambitious target - to complete 
the project in slightly more than one year The new extension 
building will accommodate around 450 employees and provide 
a total floor space of 5,000 m 2 . 

"The number of Continental's employees in Singapore has grown 
from about 650 in July 20 1 2 to more than 780 today. With this 
aggressive extension plan, we commit to use local knowledge, in 
collaboration with our international teams, to serve customers 
globally and aim to offer innovative, intelligent and sustainable 
solutions. We will continue to grow in manpower and technical 
competence to more than I 300 employees within the next few 
years", said Mr Lo. 

Continental Automotive Singapore's new extension building 
will house R&D and administrative offices from four Business 
Units of the Interior Division, namely Instrumentation & Driver 
HMI, Infotainment and Connectivity, Body and Security and 
Commercial Vehicles and Aftermarket, as well as ContiTech and 
the Tires Division. 
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With sales of € 32.7 billion in 2012, Continental is among the 
leading automotive suppliers worldwide. As a supplier of brake 
systems, systems and components for powertrains and chassis, 
instrumentation, infotainment solutions, vehicle electronics, tyres, 
and technical elastomers, Continental contributes to enhanced 
driving safety and global climate protection. Continental is also 



an expert partner in networked automobile communication. 
Continental currently has approximately 173,000 employees in 
46 countries. 



Images by Continental Automotive Singapore. 



Continental provides electrification 'tailored to fit' 



Adding an electric component to a drivetrain can make a car 
with an internal combustion engine more efficient.The benefits 
of lower C0 2 emissions and lower fuel consumption can be 
experienced by the drivers directly, which is why fuel-saving 1 2- 
volt stop-start systems are so successful. These systems represent 
the entry level to electric vehicles. Of course, the higher the 
degree of electrification, the greater the gains in efficiency will 
be. Market penetration, however has lagged expectations. 

According to Continental, there is a gap today between 
relatively affordable 1 2 volt start-stop systems and much more 
sophisticated hybrid solutions at voltages typically between 
200 volts and 400 volts. By tailoring its electrical solutions, the 
company is creating a modular system that allows automobile 
manufacturers to realise hybrids of varying degrees with voltage 
levels between 1 2 volts and 400 volts. Continental Powertrain is 
working hard to provide systems and products with an attractive 
cost to benefit ratio for its customers and the company believes 
that the 48 volt system is such a solution supporting customers' 
aim to reduce C0 2 at affordable costs. 

A new option for expanded entry-level hybridisation 

Continental believes that, as soon as OEMs have exhausted the 
potential of the existing 1 2-volt electrical systems, they will turn 
their attention to a secondary, supplementary 48-volt electrical 
system. The 48-volt system from Continental will permit several 
functions that currently are offered only in more complex I 20- 
volt mild hybrids. Continental has implemented the proposed 
48-volt architecture plus components in the innovative 48- 
volt Eco Drive test car The car features 48-volt components 
integrated as an optimised system solution - a belt-driven 48- 
volt starter generator that replaces a conventional generator 
a belt tensioner with belts, a 48-volt lithium-ion battery from 
battery specialist SK Continental E-motion, and a DC/DC 
converter that provides the link to the 1 2-volt electrical system. 

Among the advantages of the 48-volt Eco Drive are faster and 
quieter restarts - even at temperatures well below zero - and 
more efficient recuperation. This means that more current is 
available for energy-saving functions.The main benefit is that the 
combustion engine can be shut off earlier and more frequently 
if it is not absolutely necessary to propel the car Through the 
use of sailing and coasting, the 48-volt system allows the engine 
more time out and it saves fuel. Continental's Eco Drive also 
offers an advantage to automobile manufacturers as they do 
not have to change the configuration of the engine and the 
transmission. The technology can also be applied to smaller cars. 



Electrification tailored to fit 




The 'tailored to fit' concept facilitates electrification of existing vehicles/segments in 
finely graduated steps according to vehicle buyers' requests. 



Plug-in hybrids 

An analysis of the current situation surrounding the electric 
drive train reveals that plug-in hybrids represent the most 
promising degree of hybridisation, next to 48 volts. Since it is 
possible to recharge plug-in-hybrids from the grid, a high-voltage 
battery is sufficient to go up to 50 km purely on battery power 
The combustion engine, on the other hand, still provides the 
full range of a conventional car if that is needed. Continental's 
innovative plug-in hybrid shows that it is entirely possible to 
take an existing car with an efficient internal-combustion engine, 
retrofit it to make it a hybrid, and be able to drive 100 km on 
just 1 .5 litres of gasoline, depending on the driving cycle. Its C0 2 
emissions would be just 40 g/km. 

Continental developed the plug-in architecture independently 
to include an externally excited synchronous motor developing 
peak power of 80 kW and 225 Nm of torque, supplemented by 
a claw clutch, built into the rear axle of the original carThis split- 
axle configuration means that this innovative vehicle features 
an all-wheel option that is permanently free of drag losses. This 
plug-in hybrid can go on electricity alone for 50 km. 

Purely electric driving for the right profile 

A purely electric vehicle (EV) remains the pinnacle of customised 
electrification. A mass-produced car that Continental reworked 
into an electric car documents its expertise in purely electric 
vehicles. Around 40 of the company's components that are 
specific to electric vehicles are built into this vehicle. Many of these 
components have been derived from components that Continental 
already has been supplying for a European electric vehicle. 
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CapitaLand's fourth Global Sustainability Report 



CapitaLand Limited's (CapitaLand's) fourth Global Sustainability 
Report 2012 reflects continued strong commitment and 
progress in the reporting of its global performance. 

The report, validated by the Global Reporting Initiative (GRI), 
achieved Level B+ according to the GRI G3. 1 Guidelines. It was 
audited by an Independent Certified Sustainability Assurance 
Practitioner 

HIGHLIGHTS OF CAPITALAND LIMITED 
GLOBAL SUSTAINABILITY REPORT 2012 

Recognition 

• Highlighted as a sustainability leader in the Global 1 00 Most 
Sustainable Corporations by Corporate Knights (the second 
consecutive year in which the recognition has been accorded). 

• Listed in Sustainability Yearbook 20 1 3 as among the top 1 5% 
performing Environmental, Social and Governance (ESG) 
companies. 

• Listed in Dow Jones Sustainability World and Asia Pacific 
Indexes 20 1 2/20 1 3 as among the top 20% performing ESG 
companies. 

Environment 

• Cost avoidance in excess of S$ 35 million for utilities since 2009. 

• Increased operational efficiency since 2008, with energy and 
water reduction of I 1 .7% and 1 6. 1 %, respectively. 

• Reduced carbon emissions intensity by I 6%, since 2008. 

Social (Human Capital and Community Development) 

• 52 training hours per employee, which is well above the 
recommended industry guide of 40 hours. 

• Propagation of gender equality with about 27% of women in 
top management positions. 

• Zero non-compliance in relation to environmental, workplace 
health and safety standards. 

• Embracing diversity, with employees from more than 80 
different nationalities. 

• More than S$ 4 million donated by CapitaLand Hope 
Foundation in 20 1 2 (close to S$ 20 million donated to more 
than 1 20 charities since the foundation's inception in 2005). 

• 1 00% staff volunteers, with a stronger sense of belonging and 
pride in working for a socially responsible company 

Governance 

• Won, for the 1 2 th consecutive year the 'Most Transparent 
Company (Property)' Award from the Securities Investors 
Association (Singapore). 

• Implemented CapitaLand Global Principles on Ethical Business 
Conduct. 

Sustainability issues material to the organisation are a key 
priority for CapitaLand. Last November stakeholders including 
senior management from various business units, departments 
and geographies were roped in for an independent materiality 
assessment to identify key Environmental, Health and Safety 
(EHS) issues that are most relevant and important to the 
Group. This complements the annual review of internal key 
performance indicators and management processes. 



Significant improvements were also made in the underlying 
process of the Group's sustainability reporting framework via 
surveys and internal audits.The objective is to better understand 
energy and water management issues, green features in 
operational buildings, as well as the levels of staff engagement. 

CapitaLand, one of the first companies in Singapore to voluntarily 
publish its Sustainability Reports, is committed to including in 
the reporting, its Group-wide property portfolio in more than 
I 1 cities in over 20 countries. CapitaLand's presence across 
different geographies poses challenges to sustainability reporting. 
Differences in legislature, the availability of local infrastructure 
and supply chains, standards of measurement and climates 
make it challenging for implementation, data collection and 
data interpretation. By benchmarking against an international 
standard and framework, top management commitment and 
establishing Group-wide internal guidelines, CapitaLand has 
overcome some of these challenges. 

Mr Lim MingYan, President & Group CEO, CapitaLand Limited, 
said, "CapitaLand is committed to building a sustainable future 
for our stakeholders and for generations to come. Sustainability 
is a Group-wide effort that is integral to our business. Guided 
by our core values and operating principles, we conduct our 
business, interact with stakeholders and contribute to the well- 
being of our employees and the community in an ethical and 
responsible manner". 

Mr Lim added, "Investors and consumers are becoming 
increasingly aware of the importance of sustainability and 
its positive impact on them. In today's business environment, 
sustainability and profitability are both important to the success 
of a company.The fact that we have avoided over S$ 35 million 
in utilities cost since 2009 shows that sustainability makes 
business sense". 

Mr Tan Seng Chai, Group Chief Corporate Officer CapitaLand 
Limited, said,"The publication of CapitaLand's fourth Sustainability 
Report 20 1 2 attests to our commitment to transparency and to 
improving the economic, environmental and social well-being of 
our stakeholders. Apart from doing good, sustainability ensures 
our business operates in a transparent and ethical manner". 

CAPITALAND LIMITED 

CapitaLand, one of Asia's largest real estate companies, is 
headquartered and listed in Singapore. 

The listed entities of the CapitaLand Group include Australand, 
CapitaMalls Asia, Ascott Residence Trust, CapitaCommercial 
Trust, CapitaMall Trust, CapitaMalls Malaysia Trust, CapitaRetail 
China Trust and Quill Capita Trust. 

GLOBAL REPORTING INITIATIVE 

GRI works towards a sustainable global economy by providing 
organisational reporting guidance. 

A global network of some 30,000 people, many of them 
sustainability experts, contributes to its work. GRI's governance 
bodies and secretariat act as a hub, coordinating the activity of 
its network partners. 
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Awards for two CapitaCommercial Trust's properties 




CapitaCommercial Trust Management Limited, the Manager 
of CapitaCommercial Trust (CCT) recently announced that 
two of its properties received awards from the Building and 
Construction Authority (BCA) at BCA AWARDS 201 3. 

Capital Tower's Green Mark accreditation was upgraded 
from Gold to Platinum, the highest rating under the Green 
Mark Award, in recognition of the building's high standards of 
environmental sustainability, while CapitaGreen was awarded 
the BCA Universal Design Mark Gold plus Award. 

Capital Tower 

Set in a landscaped plaza with a prominent water feature, Capital 
Tower a 52-storey Grade A office building with a direct link to 
the Tanjong Pagar MRT, surpassed its earlier certification and 
won a Green Mark Platinum Award this year 

It was one of the first office buildings in Singapore to be 
certified Green Mark Gold upon the launch of the BCA Green 
Mark Scheme in 2005.The areas of improvement that led to the 
building being upgraded to a Green Mark Platinum rating include 
enhanced energy and water efficiency, sustainable operation and 
maintenance, and improved quality of indoor environment 

Through the upgrading of the chiller plant with an optimisation 
system, efficiency is estimated to improve by more than 
26%. In 2007, Capital Tower won the Water Efficient Building 
Certification awarded by PUB, Singapore's national water agency, 
for using NEWater for cooling towers and water features, which 
constitutes 34/6 of the building's total water consumption. 
Carbon dioxide and carbon monoxide sensors are installed at 
relevant areas to monitor air quality. 

Other sustainability efforts include an Environmental, Health 
and Safety policy, various standard operating procedures for 
the H I N I flu pandemic, as well as emergency response and 
contingency plans. In addition, there are efforts such as sharing 
of Green Mark Office Interior and Green tips with tenants and 
ensuring that certified Singapore Green Building Products are 
being used in the building. 

The estimated energy savings is 3,016,839 kWh/yr while the 
estimated water savings is 7,527 m 3 /yr 

CapitaGreen 

CapitaGreen, a joint development by CapitaLand, 
CapitaCommercial Trust and Mitsubishi Estate Asia, will be a 
40-storey Grade A, ultra modern and green office tower when 
completed in the fourth quarter of 20 1 4. Located at I 38 Market 
Street, the building is designed by the internationally acclaimed 
architect and 2013 Pritzker Prize winner Toyo Ito, founder of 
Toyo Ito & Associates, Architects. Mr Ito seeks to reintroduce 
lush greenery which once covered the city and CapitaGreen's 
architecture is a conceptual expansion of the earth's surface 



through the building's functional and aesthetic features. With the 
inclusion and integration of numerous energy-saving features 
in the building's design, CapitaGreen obtained the Green Mark 
Platinum Award in 20 1 2. 

In 201 3, CapitaGreen was awarded the Universal Design Mark 
Gold plus Award. This is in view of the barrier-free and friendly 
accessibility design within the building which has a net lettable 
area of 700,000 ft 2 (65,000 m 2 ). 

Seamless designs for the hearing-, sight- and mobility-impaired 
are incorporated, in consultation with relevant user groups, to 
enhance ease of movement within the building. The height of 
the concierge counter is lower to cater for wheelchair users 
and a Hearing Induction Loop System facilitates conversations 
between the concierge and the customer Lift car doors will have 
longer hold duration and upon tapping one's card reader at the 
turnstile, there will be an audio message on lift car allocation. 

Other examples of Universal Design features include barrier-free 
access to and within the building, clear and visually-captivating 
way-finding signs through the use of sculptures, colours, surface 
textures / patterns and English Braille / tactile indicators at the 
start and the end of the stairs to the Underground Pedestrian 
Network. Other must- haves include family-friendly features 
such as nursing rooms and changing stations in male and female 
washrooms, and elder-friendly facilities such as grab bars at 
relevant spaces will also be installed. 

Ms Lynette Leong, Chief Executive Officer of the Manager said, 
"We are pleased that our efforts have received recognition 
from BCA. Including Capital Tower CCT now has four 
properties with the Green Mark Platinum accolade. The other 
three properties are CapitaGreen, Six Battery Road and Twenty 
Anson. With commitment, we have demonstrated that even 
older operating office buildings can achieve the Green Mark 
Platinum accolade though it may be more challenging. We have 
done so with Six Battery Road in 2010 and now, Capital Tower 
We are encouraged by BCA's recognition and will continue to 
evaluate how we can further improve energy efficiency in our 
other properties". 

Ms Leong added, "CapitaGreen is also the first project in 
CCT's portfolio to win the Universal Design Mark Award. The 
assessment of meaningful universal designs is based on 'building 
for all' and is evaluated on connectivity, accessibility, user- 
friendliness, safety, integrated design, operations and maintenance, 
with bonus points for innovation and enhancement.These are all 
factors carefully considered for practical implementation while 
honouring the architectural philosophy of CapitaGreen. We 
shall continue to look at ways of improving accessibility in our 
other properties". 
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CleanTech One officially opens to catalyse 
cleantech growth — 



JTC Corporation's (JTC) CleanTech One, the first development 
at CleanTech Park, was officially opened by Minister forTrade & 
Industry Mr Lim Hng Kiang on 1 5 August 20 1 3. 

The Green Mark Platinum six-storey, 37,500 m 2 CleanTech One 
provides specialised business park, laboratory and office space 
for key local and international cleantech-related organisations to 
form a vibrant cleantech ecosystem in CleanTech ParkThe park, 
which is located next to the Nanyang Technological University, 
is set to promote the cross-fertilisation of knowledge and ideas 
between academia and industry 

In a speech made on the occasion, Mr Lim said, "Our efforts 
in developing the cleantech industries have gathered much 
momentum. Today, Singapore is recognised as a leading global 
hydrohub with more than 100 water companies. Within the 
Asia-Pacific region itself, we are also the business hub for many 
international clean energy companies, some of which have 
chosen to locate their operations here at CleanTech One". 

"The creation of this cleantech ecosystem is an important 
part of Singapore's efforts to combine the considerations of 
environmental sustainability and economic development, and 
pursue what we have termed Green Growth", he added. 

Dr Loo Choon Yong, JTCs Chairman said, "CleanTech Park's 
location at the forefront of the largest manufacturing node in 
Singapore, comprising Jurong Industrial Estate andTuas, provides 
a strategic linkage between academia and business. This linkage 
will enable cleantech research to be translated into industry- 
relevant applications". 

The co-location of businesses, practitioners and academia 
seeks to catalyse innovation in cleantech research through 
the formation of strategic alliances within the CleanTech Park 
community. 

Prof Ng Wun Jern from Nanyang 
Technological University, who is 
Executive Director of the Nanyang 
Environment & Water Research 
Institute (NEWRI), a key tenant in 
CleanTech One, said, "Having like- 
minded professionals from academia 
and businesses under the same roof 
at CleanTech One is an invaluable 
opportunity for fruitful collaborative 
exchanges. These exchanges help 
to ensure that our pursuit of green 
solutions stays industry-relevant and 
practical". 

With a strong representation of 
cleantech R&D and businesses, 
CleanTech One is well placed to 



serve as a living laboratory to test-bed and showcase yet-to-be- 
commercialised innovative solutions. 

Since the launch of the CleanTech Park Living Lab Programme 
in 201 I, JTC has funded 14 test-bed projects. Examples of 
resource-efficient urban solutions being test-bedded include a 
I -megawatt fuel cell plant that is being implemented by Real 
Time Engineering, a local SME and a tenant and partner of JTC. 

"Environmental sustainability has become a strategic imperative 
for many global companies. Recognising this trend, EDB and JTC 
are developing the clean technology industry as a key growth 
area and positioning itself as the Asian epicentre for companies 
to develop, test and commercialise innovative sustainability 
solutions. CleanTech Park plays a vital role in catalysing 
partnerships between the solution providers, end-users and 
the research ecosystem", said MrYeoh Keat Chuan, Managing 
Director Singapore Economic Development Board. 




At the Official Opening of CleanTech One are, from left, Dr Loo Choon Yong, 
Chairman of JTC; Mr Lim Hng Kiang, Minister forTrade & Industry; and Mr Png 

Cheong Boon, CEO of JTC. 
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CleanTech One provides specialised business park, laboratory and office space for key local and international 
cleantech-related organisations to form a vibrant cleantech ecosystem in CleanTech Park. 
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NTU, JTC, EDB and Induct to trial Singapore's 
first driverless vehicle on the roads 

Singapore's first clean and green driverless shuttle transportation 
system will soon see passengers shuttling between Nanyang 
Technological University (NTU) and JTC Corporation's (JTC) 
CleanTech Park. 

In a partnership between NTU, JTC and Induct Technologies, 
and supported by the Singapore Economic Development Board 
(EDB), an autonomous electric shuttle manufactured by Induct 
is expected to ply the 2 km route, providing a safe, reliable and 
environment-friendly alternative mode of transportation. 

The two-year collaboration will see the Energy Research 
Institute @ NTU (ERI@N) test and optimise Inducts electric 
shuttle named NAVIA and enable it to intermingle safely with 
traffic in Singapore. ERI@N and Induct will also work to improve 
and enhance electric vehicle battery reliability and charging 
speeds, maximising the efficiency of NAVIA which can carry 
eight passengers and has a maximum speed of 20. 1 km/h. 

As part of NTU's drive to be at the forefront of electromobility 
research, the partnership will also see the development and 
testing of various new charging technologies such as wireless 
induction and new super capacitors for electric vehicles. 
Software and intelligence systems will also be programmed 
for planned operation along pre-defined routes between JTC's 
CleanTech One building and the NTU Yunnan Garden campus. 

This test-bed is the first of its kind in the region and could pave 
the way forthe integration of autonomous vehicles in Singapore's 
transport system to alleviate the 'first mile, last mile' transport 
problem (the first and final legs of a journey, the typical potential 
bottlenecks in a transportation system) faced by urban cities. 

Prof Subodh Mhaisalkar, Executive Director of ERI@N, said the 
NAVIA platform brings together two state-of-the-art concepts 
critical for future transportation in urban cities. 

"Both concepts of a driverless transport and an efficient 
electric transport are at the forefront of research for personal 
transportation, last-mile transportation, and for logistics 
applications in leading automotive companies around the 
world", said Prof Mhaisalkar 

"Leveraging on NTU's expertise in engineering and clean 
energy, we are confident that our partnership with Induct will 
see us explore breakth roughs in autonomous driving, wireless 
fast charging, and advanced battery technologies for sustainable 
transportation solutions", he added. 

Mr Pierre Lefevre, Inducts CEO, said, "The synergies between 
industry in JTC's CleanTech Park and academia in NTU present 
a unique opportunity for Induct, both from a test bedding and 
power management expertise perspective. The planned route 
between JTC's CleanTech One and the NTU campus represents 
a real world scenario of shuttling passengers within a short 




Inducts autonomous vehicle, the Navia, is currently being test-bedded along the streets 
of CleanTech Park, Singapore's first eco-business park developed by JTC Corporation 
with a focus on clean technology and R&D. As part of NTU's drive to be at the 
forefront of electromobility research and JTC's Living Lab Programme in CleanTech 
Park, the two-year partnership will see ERI@N test and optimise the Navia and 
enable it to intermingle safely with traffic while plying the 2 km route between JTC's 
CleanTech Park and the NTU campus. Image by NTU. 

range, with varying topography and pre-defined routes. Induct 
is proud to be given the opportunity to set up its Asian office 
in JTC's newly opened CleanTech One. The company strongly 
believes that Singapore is the ideal location for its technological 
and economic development". 

Mr Heah Soon Poh, JTC's Assistant Chief Executive Officer; said, 
"CleanTech One has seeded a vibrant ecosystem focused on 
cleantech R&D in CleanTech Park which is being developed to 
position Singapore as an epicentre for research, innovation and 
commercialisation in clean technology. JTC has been actively 
partnering industry players in the development of sustainable 
urban solutions and providing the platform to test-bed new clean 
technology, and Induct is one such partner We welcome more 
creative minds to partner JTC in the CleanTech Park community 
to broaden the exciting venture into cleantech research". 

Assistant Managing Director of the Singapore Economic 
Development Board, Mr Julian Ho, said, "We are pleased that 
Induct and NTU are embarking on an electric autonomous 
vehicle testbed in Singapore. Autonomous vehicles, alongside 
electric vehicles, represent new growth opportunities that 
will allow Singapore to build systems-level capabilities such 
as intelligent sensors and charging solutions. This testbed is 
also aligned with Singapore's position as a 'Living Lab' where 
companies can develop, test and commercialise innovative 
urban solutions for global markets". 
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Attracting the young to the built environment sector 




A total of 166 undergraduate and diploma scholarship awards were given out at the BCA-lndustry Built Environment Scholarship Award Ceremony 2013, held at the 
Raffles City Convention Centre recently. 



The Building and Construction Authority (BCA), in partnership 
with industry firms, presented a record-breaking number of 
scholarships at the BCA-lndustry Built Environment Scholarship 
Award Ceremony 2013, held at the Raffles City Convention 
Centre recently A total of I 66 undergraduate and diploma 
scholarship awards were given out at the ceremony, representing 
a 50% increase from last year It is also the highest number of 
scholarships awarded in a year since the start of the scholarship 
programme 20 years ago. 

The BCA-lndustry Built Environment Scholarship Awards 
are among more than 500 scholarship, sponsorship and 
apprenticeship awards given out to students in built environment 
courses at university, polytechnic and ITE levels this year 

The winners of the BCA-lndustry Built Environment Scholarship 
Awards will play a key role in transforming the built environment 
sector by championing green buildings, adopting advanced 
construction technologies for higher productivity, and delivering 
a user-friendly built environment for a rapidly ageing population. 

What is even more significant is the rise in the number of 
females entering the sector Almost half of the recipients of the 
BCA-lndustry Built Environment Scholarship Awards 2013 are 
females - a two-fold increase from 20 1 0.With an increasingly 
conducive working environment being facilitated through off- 
site prefabrication and technology adoption, the sector is set to 
welcome more females. 

The scholarships were awarded to top-performing young 
talents by Mr Lee Yi Shyan, Senior Minister of State for National 
Development and Trade and Industry; Dr John Keung, Chief 
Executive Officer of the Building and Construction Authority 
(BCA); and Mr Peter Chua, Chairman of the Construction 
Industry Joint Committee (CIJC). 

Dr John Keung, CEO, BCA said, "The great support from the 
industry for our scholarship programme is very encouraging. 
I believe the adoption of this talent scouting practice and 
leadership renewal through the programme will strengthen the 
capability of the industry. This group of young talents will be 
the major driving force behind the transformation of our built 
environment sector in years to come. They can look forward to 
exciting new opportunities and play a key role in shaping the 
future landscape for people to work, live, play and learn in". 



Apart from the record number of scholarships awarded, 
this year's award ceremony also saw more sponsors coming 
forward to offer scholarships, with an increase in the number of 
scholarships per firm. For the first time, four industry firms have 
stepped up to award six or more scholarships each. Amongst 
the firms is Soilbuild Group Holdings Ltd, one of the newest 
sponsors to partner BCA this year The company gave out 10 
scholarship awards - the highest number given out by a single 
sponsor under this scheme to-date. 

Mr Ho Toon Bah, Executive Director of Soilbuild Construction 
Group Ltd said, "Soilbuild supports BCA's effort to develop 
human capital and industry talent in the built environment 
through its scholarship programmes. We are happy to join hands 
with BCA to offer opportunities to potential awardees to take 
up a career in the built environment. We look forward to future 
collaborations with BCA to discover and groom young talents 
who can bring fresh ideas to the industry". 

The built environment sector is undergoing an impressive 
transformation with strong emphasis on technology and 
productivity. This strong surge of scholarships provides a 
window of opportunity for these high-calibre youths to be the 
future front runners in driving the advancement of the sector 
and creating a positive impact. 

Both the undergraduate and diploma scholarships are funded 
under the S$ 250 million BCA Construction Productivity and 
Capability Fund (CPCF). 
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